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EVALUATION OF GROUND WATER AT A PROPOSED WASTEWATER
DISPOSAL SITE, GAMBELL, ALASKA

by
James A. Munter'

ABSTRACT

The 1993 construction of a piped water and sewer system for the community of Gambell, Alaska, prompted an investigation into appropriate
siting and design of a wastewater lagoon. A key consideration was to avoid contaminating a nearby school well. This investigation documents
a dynamic groundwater system in permeable beach gravels strongly influenced by tides and storm surges.  Ground-water flow directions are
shown to change up to 180 degrees over the span of afew hours. Water quality beneath the proposed lagoon site ranges from brackish to saline.
A “fast-pen!” lagoon design is considered to have more advantages and fewer disadvantages than an alternate “slow-pert” design, including a
lower potential for contaminating the nearby school well.

INTRODUCTION

The City of Gambel, Alaska, began condruction of a community-wide piped water and sewer system during the
summer of 1993, A mgor task of the project was to design and congtruct a facility for disposing of wastewater
from the sygsem. One option under consideration was to congruct a percolation-type sewage lagoon to receive
sptic tank  effluent.

The main gods of this invedigation were to identify ground-water flow sysems and ground-water qudity beneeth
the proposed lagoon site and determine the probable effect of the percolation lagoon on those flow systems. Two
mgor concerns with the proposed design were 1) to avoid contamination of a nearby school well with leachate;
and 2) to mantan a 4-ft separation distance between the bottom of the lagoon and the seasond high water table.

The school well, located less than 1000 ft from the proposed lagoon dte, tgpped a shdlow fresh-water aquifer. A
conceptual modd  of ground-water flow in the area identified severd factors that could possbly cause effluent from
the lagoon to impact the wel. These factors were: 1) the presence of highly permesble beach gravels throughout
the area that could result in reatively fast ground-weter travel times, 2) irregular occurrences of permafrost that
could influence flow directions; and 3) reports of lage storm-driven fluctuations in ground-weter levels that could
dter ground-water flow directions. As a result of these factors, the proposed lagoon site was selected to be as close
to the coast as posshle and as far from the school wel as possible, and this investigation was initiated to further

evaluate the ste.

If ground water a the Ste were found to be brackish, the proposed lagoon might qudify for regulation as an “ocean
discharge’ with waver of the 4-ft separation requirement. This condition was not assured in advance, however.

GEOLOGIC SETTING

The City of Gambel is Stuated on a gravel soit on the northwest tip of St. Lawrence Idand in the northern Bering
Sea (figure 1). Troutman Lake, located south of the city, is separated from the Bering Sea by a narrow gravel spit.
The level of the lake is about 2 ft above mean lower low water. The lake is fed by Troutman Creek, a fresh water
sream at its south end. Storm surges are reported to bresk over the spit periodicaly and cause the lake water to
be brackish. The lake has no surface water outlet.

‘Alaska Department of Natural Resources, Division of Water, Alaska Hydrologic Survey,
PO BOX 107005, Anchorage, AK, 99510-7005
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Sevuokuk Mountain lies about 1 mi eest of the city, rising to an elevaion of 614 ft above sea levd. The mountan
is comprised predominantly of quartz monzonite, a granitic rock type. Permafrost is discontinuous throughout the
area, and is commonly found at depths of 7-10 ft (RZA, Inc, 1985). Annud precipitation a Gambel is about 16
inches (Phil Johnson Engineering, 1972).

Both fresh and brackish ground water has been found by severd wells drilled in Gambdl (Waller, 1959; RZA, Inc.,

1985). Waller (1959) suggested that Troutman Lake probably discharges via ground weater to the north. Shallow
ground water is variably present because of the exigence of shdlow permafrost in some aress.

SCOPE_AND METHODS

The scope of this investigation included drilling monitoring wells and soil borings, sampling water quality,
peforming dug tests and grainsdze andyses for permesbility determinations, measuring water levels to determine
the response of the ground-water flow system to tidd fluctuations and andyzing the data

Three monitoring wels were indaled using a smal cusom-built track-mounted auger rig with a 20 horsepower

motor and 4.25 in-indde-diameter hollow-stem augers. Six additional soil borings were made using 2.25 in.-inside-
diameter auger flights. Split spoon samples were taken at sdected intervals. Wells were constructed with 2 in.-
diameter PVC casng with slica sand fill around the screen, bentonite chip seds, and cemented 6 in-diameter sted

asurface casng and locking well cap. Detaled logs of soil borings and wells are included in Appendix A.

Wdls were purged with a hand operated piston-type purge pump and disposable polyethylene bailers prior to
sampling. Samples were taken with bailers and nylon twine. A qudity assurance plan is included as Appendix B.

Slug tests were conducted in the monitoring wells by sudden extraction of a 1.25-in. by 6.03-ft sug and
measurement of water level response with a chaked sted tape. Data were andyzed by the method of Bouwer and

Rice (1976). Representetive soil samples were collected and shipped to a laboratory for permeameter and grain-size
anadyses,

Saff gages were inddled in Troutman Lake and in a nearby pond to augment the wells for weater-level data Water
level data were collected gpproximaely every two hours through one twelve hour tidd cycle as determined from
published tide tables.

Wedl, boring and daff gage eevations were surveyed reative to a brass cgp (no. 50391 FAA 1940) located in the

well point concrete pad on the west edge of Troutman Lake (Chuck Eggener Consulting Engineers, written
commun,, 1994). The mean lower low water eevation of the cgp is 6.1 ft.

RESULTS AND INTERPRETATIONS

HYDROGEOLOGY

Wedl and borehole locaions relative to the proposed lagoon location are shown in figure 2. The lagoon location
was generdly sdected to be near an area dready containing landfill waste and underlain by brackish ground water.
A topographic map of the dte based on point-survey messurements is shown in figure 3.

Mogt deposits in the study area were found to be highly permesble sands and gravels, with very minor amounts of
dlts and clays Ice-bound permafrost was found to be digtributedirregularly benesth most of the Ste, with generdly
less permafrost encountered in the seaward direction. A hydrogeologic cross section showing the generd
digribution of saturated sediments and permafrost is shown in figure 4. Ground water is observed to occur under
both water table and confined conditions a the ste. Pemafrogt is an effective confining layer in places as
demondrated by soil boring hole SL-1. This boring reached the maximum depth capability of the rig without

3
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encountering water, even though the bottom of the hole was wedl below the potentiometric surface of the aquifer.

A peched water table probably forms intermittently on top of permafrost. Soils were generdly found to be wet
just above the permafrogt, dthough no perched water table wes identified a the time of the fiedd investigation.

The cross section is not a rdiable indicator of ground-water flow directions because the water level measurements
were taken during a period of dgnificant weater-leve  fluctuation.

Results of gran-size andyses and permeameter tests are given in Appendix C. Laboratory permeameter tests on
two samples of gravel yidded permesbility values of 26,000 ft/day and 16,000 ft/day.

Appendix D contains water-level data and data from dug tests conducted on wells SL-3 and SL-4. Wedl SL-5 was
not tested because the well was suspected to contain contaminated water. Both tested wells exhibited repid water-
levedl response indicative of a reatively permesble aguifer. Andyss of data from wdl SL-4 yidded a cadculated
permeebility value of 40 ft/day. The rapid response of the wel and the smal number of data points suggest that
this number has a rdatively low degree of confidence Well SL-3 responded too rapidly to the slug removd to
dlow any quantitative edimate of permesbility. Qudlitatively, the permesbility of the aguifer & SL-3 is probably
greater than a SL-4.

The range of permesbilities from 40 ft/day to 26,000 ft/day as described above is typicd of aguifers comprised of
deposits ranging from clean sands to gravels (Freeze and Chery, 1979, p.29). Consdering the high energy
depostiond environment of the deposts & Gambell, the presence of highly permesble zones within the aquifer is
reasonably concluded to be characteriic of the aguifer.

WATER QUALITY

Reaults of water qudity andyses conducted on monitoring well water samples are contained in gppendix E. The
results show that water beneath the proposed lagoon ste ranges from brackish to sdine.  In addition, water collected
from well SL-5 was noted to have an unusud odor suggestive of diesd fud contaminaion. The Alaska Department
of Environmentd Conservation was conducting an evduation of posshble diesd fud contamination in Gambel during
the course of this invedtigation, and no follow-up andyses for organic condituents were performed as pat of this
study.

WATER LEVELS

Figure § shows water level data collected during the study. Water levels were observed to change significantly.
Water level fluctuaions in wels SL-3 and SL-4 gppear to correlate with tidd cycles. This confirms that the aquifer
in this area is hydraulicaly connected with the Bering Seq trangmitting sea level changes rdatively ragpidly and
efficiently.

Troutman Lake levels remained rdatively unchanged through the observation period. Water levels in the pond and
in SL-5 rose rapidly on 6/19/93, and dowly but seadily theredfter, showing no direct effect from tidd influences.

The observed water level changes in the pond and SL-5 occurred after loca winds changed intensity and direction.
Prior to June 22 light winds were from the southwest. During the night of June 21-22, winds became northerly and

increesed  their intengity. Wind-generated waves began impaecting the north shore of the Gambel spit, with breskers
sending sea spray approximately 30 ft into the air.

GROUND-WATER FLOW SYSTEMS

Figures 6-9 show water-table contour maps based on water-level measurements made during the study. The maps
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ae used to infer ground-water flow direction changes in response to tidd and wind-driven searlevel changes.

Figures 6-9 are based on water levdl measurements made during narrow intervas of time reaive to the rate of

water level fluctuations. Strictly spesking, the water-table maps are not true indicators of ground-water flow
directions because ground water throughout the flow field is not of uniform dengty. Because of the magnitude of
observed gradients, however, generd flow conditions described below are thought to apply. Converson of water-
level data to equivdent fresh water head data is not warranted because the monitoring wells are al screened from

the water-table to a depth of less than 10 ft below the water table.

Water leve contours shown in figure 6 imply a generd direction of ground-waer flow from south to north across
the sewage lagoon ste. Wind conditions a the time of these measurements were generdly light.

At the time of the water levdl measurements shown in Fgure 7, the wind had increased sgnificantly and hed shifted
to the north. Large waves were impacting the north shore of S Lawrence Idand, and a dgnificant rise in water
levd was evident in well SL-3. A centrd depresson in the water table between the shore and Troutman Lake is

evident. The direction of ground-water flow beneath the site is from north to south at the time of these
measurements.

Figure 8 shows that the centrd depression of the water table has largely disappeared within the span of seven hours.
A pond appeared a few hours prior to the time of the figure 8 water-table map in a formerly dry closed swde. The
direction of ground-waer flow a the sewage lagoon ste is dill generdly from north to south.

Figure 9 shows that water levels fell a SL-3 and SL-4 and rose dightly a SL-5 compared to figure 8. The drop
in water levels coincides with tidd fluctuations (figure 5). A residua ground-water mound is evident southesst of
the lagoon ste, and inferred ground-water flow directions are southwesterly, dthough the gradient is redtively flat.

Two ponds appeared in formerly dry swales on June 23, 1993. The north pond (figure 2) wes tested to have a
specific conductance of 2600 umhos/cm, Which is characteristic of brackish water while the south pond had a
specific conductance of 475 umhos/cm, which is characterigtic of fresh water. The north pond was observed to
form ealier in the day than the south pond.

The onsat of strong onshore winds is interpreted to have crested a weater table mound near the north shore of the
Gambell it that effectively blocked the flow of fresh ground water to the sea, cregting a backwater effect that
caused ground-water levels to rise and the ponds to form. The source of fresh water in the south pond is inferred
to be from mdting show on the west flank of Sevuokuk Mountain. Rivulels of fresh waer were observed
descending the flank of the mountain during the fidd project and infiltrating into the spit deposits @ the base of the
mountain. The City of Gambel has indadled and tet pumped a series of shdlow wells near the base of the
mountain tapping the freshwater aguifer.

Fresh ground water diverted by the storm-induced water-table mound from flowing northward to the sea is inferred
to flow south into the City of Gambel, contributing to the sudden rise in water levels observed in the ponds and
well SL-5. Water in the northern pond is a mix between sea water and fresh water.

SEASONAL FACTORS

It has been reported by locd resdents that the low swae near SB-4 and SB-6 fills with standing sdt water as a
result of fdl and early winter dorms. Land surface devation in that area is about 6-8 ft above MLLW. The
ganding water is interpreted to be the result of a high water table condition from severe seasond storms.  Fdl and
winter storms reportedly cause onshore winds on the north shore much more violent than those that were observed
in June. These storms probably result in high ground-waer levels @ the swae as high as about 10 ft aove MLLW.
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PERCOLATION LAGOON EFFECTS

Two options have been identified for percolation lagoon design: 1) a “fast-pert” lagoon which would be designed
with a highly permegble bed to achieve a maximum rate of percolation; and 2) a “dow-pert” lagoon, which would
have a sand filter bed to dow percolaion to achieve some trestment of the effluent waters in the unsaturated zone
beneath the lagoon. Sdection of an option is dependent, in part, on ground-water dynamics beneath the site. The
major concern was to avoid contaminating a school well located about 900 ft southesst of the ste.  Key lagoon-
desgn and ground-water dynamics issues relaing to each of the options is provided beow.

"FAST-PERC" OPTION

The “fagt-pert” design option would include a 50,000 sg ft bottom area lagoon located at the north end of the study
ste. The lagoon would be designed such that water would not be retained. Wastewater would be discharged into
an area where ambient ground-water is brackish to sdine. Ground-water in the seaward direction from this ste may
adso be contaminated by landfill or honeybucket digposa leachate.

Hydraulic conductivities reported in this report support design of a smdler lagoon. However, posshle future
environmenta  requirements and the availability of equipment prompted design and condruction of a lagoon large
enough for future splitting of the lagoon into separate lined and unlined cdls.

“SLOW-PERC” OPTION

The “dow-pet” option would entail construction of a 70,000 sq ft bottom area lagoon. This sze was sdlected to
dlow full retention of saven months accumulation of wastewater, assuming, under a worst-case scenaio, that the
bed of the lagoon would freeze during the winter. It was further assumed that dl of the retained frozen wastewater
would mdt and infiltrate during a 30-day period in the spring. The lagoon would be located where the “fast-pert”
lagoon was planned, except for a southward extension to provide for added bottom area and storage volume.

GROUND-WATER MODEL ANALYSIS
In order to evduae the effects of each proposed lagoon design on ground water, an anaytica ground-water mode

was applied to each lagoon scenario. The modd was designed to edimae the height of the ground-water mound
beneath infiltration basins (Hantush, 1967; Bouwer, 1978, p. 279-288). Inputs to the modd are

" Fast-peer” “Sow -perc"
Mode inputs
Lagoon infiltration area 50,000 s ft 70,000 s ft
aquifer  horizontd
hydraulic ~ conductivity 2000 ft/day 2000 ft/day
aguifer  thickness 20 ft 20 ft
tillable  porosity 0.2 0.2
ariva rate a water table
of water from lagoon 0.046 ft/day 0.23 ft/day
duration of infiltration 365 days 30 days
Model Outputs
Weater-table rise a center
of infiltraion besin 0.05 ft 0.23 ft

The thickness, fillableporogty, and hydraulic conductivity of the aguifer were estimated based on the hydrogeologic
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data collected during the fidd invedtigation. The arivd rate a the water table of waer from the lagoon and the
duration of recharge are based on probable operating scenarios for the respective lagoons.

The “fast-pert” lagoon is designed to trickle water to the water table a a reatvey condant rate equa to the
disposa rate of water in Gambell, which is estimated to be 17,050 gd/day, or 0.046 ft'/day/sq ft of seepage areq,
or 0.046 ft/day.

The “dow-pert” design will result in a large volume (3.58 million gdlons) of wastewater dored as ice a the end
of a typica winter. Inputs to the mode were specified to determine the response of the water-table after a 30 day
period of ice mdting and infiltration of dl mdtwater.

Cdculated rises in the water-table benegth the center of the lagoon are 0.05 ft and 0.23 ft for the “fast-pert” and
“dow-pert” options, respectivdy. Conddering the posshility that the hydraulic conductivity estimate used in the
cdculations may be too high, cdculaions were dso peformed usng a hydraulic conductivity of 200 ft/day, dl dse
remaining congtant. This resulted in caculated water-table rises of 0.36 ft and 1.6 ft for the “fast-pert” and "slow-
perc" options, respectively.

ADVANTAGES AND DISADVANTAGES OF LAGOON DESIGNS

Detailed discussons of advantages and disadvantages of the dternate lagoon designs are given in Appendix F. To
summarize, the “fad-pert” option is conddered to have more advantages than the “dow-pert” option, and fewer
dissdvantages. Advantages of the “fest-pert” option include efficient disposd of wastewater into an area with
ground-water that is dready nonpotable, relaively high flushing and dilution rates grester distance between
wastewater disposd and the school wdl; and less potentid for migration of weater from the lagoon area to the school
well as a result of less ground-water mounding benegth the lagoon.

SUMMARY AND CONCLUSIONS

This study documents the presence of a dynamic ground-water flow system benesth a portion of the Gambel spit.
Ground-water flows through highly permesble gravels deposited in a high energy beech environment. Probably as
a result of sorm events, brackish and sdine ground-water occurs more than one eighth of a mile inland from the
coast. Ground-water levels respond to tidd and storm  stresses, resulting in highly varisble ground-weter flow
systems and reversds of ground-water flow directions within periods of a few hours.

An andyss of different options for designing a percolation-type sewage lagoon results in the identification of severd
advantages of a “fadt-pert” design compared to a “dow-pet” design. The primary advantege of the “fast-pert”
design is a lower potentid for contaminating a nearby school well, which is a key desgn criteria

ACKNOWLEDGMENTS

Numerous individuds asssed with this project, including Jane Dde, Chuck Eggener, and Dave Ulvestad with
Chuck Eggener Conaulting Engineers, and Roger Alldy with the Alaska Hydrologic Survey. Steve Eng with the
Village Safe Water Program and Chuck Eggener provided hepful review comments,

REFERENCES CITED

Bouwer, H, and R. C. Rice 1976, A dug test for determining hydraulic conductivity of unconfined

aquifers with completdly or partidly penetrating wels Water Resources Research, vol. 12, p.
423-428.

Bouwer, H., 1978, Ground-water hydrology: McGraw-Hill Book Company, New York, NY, 480p.

15



Hantush, M. S, 1967, Growth and decay of groundwater-mounds in response to uniform percolation:
Water Resources Research, vol. 3, p. 227-234.

Phil  Johnson Engineering, 1972, The dimate and weather of . Lawrence Idand, Alaska College,

Alaska, supplementary report no. 1, jn Engineering Services, 1972, Gambell utilities, an

dternative method gpproach with suggested design parameters. Anchorage, Alaska, unpublished
report for Alaska Area Native Hedth Service, p. al - a8.

RZA, Inc. 1985, Geotechnica, geophysica, and soil/groundwater qudity studies, Defense Environmentd
Restoration Program, Gambell, . Lawrence Idand, Alaska Anchorage, Alaska, unpublished
report for URS Engineers, Inc., Anchorage, Alaska, 22p. plus figures and appendix.

Waller, Roger, M., 1959, Water resources reconnaissance of Gamble and Savoonga villages, St. Lawrence

Idand, Alaska State of Alaska Depatment of Hedth and Wedfare, Hydrologic Data Report 6,
14p.

16



APPENDIX A

Soil boring and monitoring wel logs

17



SOIL BORING LOG

CEZ CHUCK EGGENER

5@; -j, CONSULTING ENGINEERS
PROJECT AND LOCATION L AT ELEVATION AND DATUM
(S AMBELL SEWAGE (FCQON JLIET sTATION —
7 Y35 M 3/°mM
. DATE STARTED / DATE FINISHED
ORLLER & eve Lopppsroek /fmblec Suplmtim é/17/93
7 ¥ 1 i s,
DRILLING EQUIPMENT & BIT SIZE ~ 5% " 2UTD 4y oD DEPTH DRILLED ,
Apd ) iy 1A f(/cmfam buil r\'§ m‘{ Ffracke ~705g aﬂw $ A0 v 25,2
DEPTH NO. SOIL SAMPLES METHOD
CASING
DEPTH WATER LEVEL 3’ MEAS. PT. Grove
- swrfce
5, helpstt
SCREEN SIZE DEPTH DRILLER % oine Opzeve
SETTING
SIZE DEPTH HYDROGEOLOGIST Tron Mo der
SOIL DESCRIPTION ‘_“Uj . STANDARD
Z i
(D‘EE!ETS BORING NO. 1 g & PENETRAHCIJI;DRESISTANCE
& v BLOWS PER FOOT (150 LB. HAMMER, 30" DROP)
0% ) /;MS 3%
6«7 f:.ae wveé /’ Ae Vi 7
voded o coarse savd GP-SP
N [47 [/lkyl’ rgist (J(//r.w-éﬂ
5-3
‘ Aﬂ/ S/tfk’l’? Coonel yory lonn
31 :
‘ 4 Grey Coosss s‘o.l' N{:MJ u{,//h'wM &
Id
' S, twas?ly granes vk (igmats Appox i,
Moy 1&7 cledfared @ ~BLE° fnu‘\ﬁ/’

ssidle jra /e““/ﬁfﬁ,rﬂ#ﬂd‘
)oepo‘Y d"”’j Soms {:Mjhrj)MJSCuﬂ

‘/0'71Dn”s f o brr/!/mr' refras a.a.
S’-;k Conrser sp_ .

1z ca ' ice 1;\. “A_/Iv\jl ol
0 @ /3, Q‘pJ nl?‘u/‘ns W(’W@

@ 14’ 'wa'fﬂd e 7mv:ﬂ/p¢ﬂ9-/
‘ Il o PO fmesad

1= Mo e pm ,,/\,/..,‘ e al) 7 bighia

it eanttnt sP-GP s .;',/“.,;

Very roush P A leas

7

Troen 10t @@ 287, hgh s10¢wal t fame ]
@25y shil ebatier vy Lkt 026, g
20 Sivkbe (/\"'w./lt s saler r,J

GP’ i gP / ’ ,
Croobun@ 12 l22 5" D noke
?3/?)’«(4 elpth raveeed. (€€ & 2 ({5’(‘
35 tates levdl @ g o q-rocl /qzarfg
- )
zs- 5¢~/.,,Ff$"5' zv-28.2 (a2 wm
A7l rgeeery, 57”‘ Srvae frne sand o Fof,

‘e f}d]vuou.t‘ Froce - SIW 7'&4:;/ uér“""‘zﬂ

& roice “laihihice 1 Sr/ff spoon 2V
redbls & 127 oyl wce e fynt- oD z2r.2¢.2

52 Naws“//.ls' v

s }

LEGEND
| 2.0" O0.D. SPUIT SPOON SAMPLER P
ff 3.0" 0.D. UNDISTURBED SAMPLER
S GRAB SAMPLE [NTERVAL *

SAMPLER PUSHED

% MOISTURE CONTENT
SAMPLE NOT RECOVERED




eg-2 20IL BORING LOG

PROJECT AND LOCATION all)
GAMBEL SEpJacE 7S] ToP pF Kifotd £ from CAN By stake

Ct 2 CoO (l:\:ll-iSLJ

ELEVATION AND DATUM
l.:Aj /_gmi

CK EGGENER

ULTING ENGINEFRS -~

Sulveye

Surfece = 21, 75'aﬁov-~ulw

DR
LER - o ye wopbereck

"™ DATE STARTED, /' P ’15

DATE HNISHEDGM/%

DRYLING EQUIPENT & BIT SIzE=S%"  2%" T D bokus $Far ager | oEpTH DRILLED 3/ o
2

thk
7

DEPTH

NO. SOIL SAMPLES /

METHOD Zvﬁf/n‘Sf\oon

CASING
DEPTH

WATER LEVEL seep. 2

MEAS. PT.

SIZE OEPTH
SCREEN

DRILLER's L/J/», Levire Coreve

SETTING SIZE DEPTH

HYDROGEOQLOGIST -
J ™ Munie,

EPTH SOIL DESCRIPTION
DEP
(FEer) | BORING NO. 2 ,‘D¢7¢ ,2/2_

SAMPLES

FROZEN

STANDARD

PENETRATION RESISTANCE

Mo
BLOWS PER FOOT (150 B. HAMMER, 30° DROP)

0-S Ft-ejm n// q(L/qN/’ M//'pw‘/”ﬂ w fo
19" 6P cleas, LHle fo rs sand
Y.lo#st prenn? - Peach ¢idsa .k/ﬂﬂ'

Teace~Sopnre  Coa '{e;uve/l fL‘u&J, e fmes
9 a4 g9 comsbs wet
9-10 Frecen Erwme 7,,,,,,/¢n GP frace

c .
00 14¢ 54“/‘ Yrseo I(Ef»\aﬁnp;

fo- J.,//, /phl(e} o\clqrtﬁ'!i wtt GPVI“'(

v 4

T3 tce refurns jeace dn

’

SGuJ

1315 more ree, rou,,bm/ﬂ//'*/.,‘ww‘fr P
1€t lengeg G am.

(5 so

10

‘7 Sowe Coarse
15

20 [‘ “1 1‘.,‘,(1 - r./n[(q 74,7 ’Maﬁl (voe(/‘( ,'; nfvu\" 20'q"

frob. cave
1%-20 dedled <hffer posiels ¢ ? ud rz}t‘!,;li{m.
splf speem ole pleg!
75 20-20,7 Frezen caacse saad SP 4o, {"0(
7"4"/ 1t cov Fent - 7oy
Froce foe 54-0’7’ v pd 00D "
gu"rﬂw'bo’fub-vo/or /,/fL pﬁﬂpf//

201224 - S"{Ff ,,,7‘, /r,(/,7 cro refins fewm b

30

27 Soqrevph spf - sl frren
1 - sweofl doifliry - Theurd 7- 6.1 ,a/z fet/
TS 2" of hreek ?‘Vj moist saad- 4", p

?S‘z./ /-//WOVO'VI SP md"c-w;c‘

S"u-J) fu‘fowJ-J’ daw[, L. r-Sop .
f,.u suu// Froe ,C'.~7rm/¢/ /-j'[;}h‘

40 oy

35

'fLa M/
q —

Frorea

K —

rhawd

1¥-20-- -

——— 207

A AR

fo 5uX

z1 s ~

2y
(r¢” L2se”

L

LEGEND
| 2.0” 0.D. SPLIT SPOON SAMPLER
i 3.0 0.D. UNDISTURBED SAMPLER

GRAB SAMPLE INTERVAL

]

trace t <14 Y
Somwre v o~ 257

P SAMPLER PUSHED

% MOISTURE CONTENT

C‘:{o 227« 110 to botom ¥

Swwlt B N

* SAMPLE NOT RECOVERED

leglés $ LJ’V "//“?ucn 'Y’J"(’

A |




SOIL BORING LOG

CHUCK EGGENER

CE o

o 2 ot CONSULTING ENGINEERS
.
‘ROJECT AND LOCATION ELEVATION AND DATUM
| cam ks layerlave) 4 Ky —
JRILLER DATE STARTED DATE FINISHED
oes wad 2l ¢z c/e8
JRILLUNG EQUIPMENT & BIT SIZE DEPTH DRILLED 5, o=
DEPTH NO, SOIL SAMPLES METHOD &7 P17 Groen
CASING LM paptbie ¢ 110 0¢
LEVEL: ’ MEAS. PT. 77/:_{* e
DEPTH WATER L2747 ! A Sy 9
SIZE DEPTH DRILLER 4 27 33 A(/&Wj(p«u/fur){cg Grrrs—
SCREEN
SETTING
SIZE DEPTH HYDROGEOLOGIST :ﬁh M‘M for
SOIL DESCRIPTION g 2 STANDARD
DEPTH w PENETRATION RESISTANCE
(FEET) | BORING NO. 2 fcu;; 2 Y N N
g, T BLOWS PER FOOT (180 LB. HAMMER, 30° DROP)
{ / o’ |
| 30 delly ¢ gmahh P72 & mbo b 2/ s/ ¢ 26/¢
ot 500502 seod 30177 284 '~ sl
/
H4S o h
S l4 éf/ucu/;: ree v:/"] spht § peunn
36-3) browm 1ue sa o /-0 éﬂ"b] -r keb /
oo .
! e, t “
— 7F¢JJ shrognd frordl (Y€, ‘5 wt Fanmple 3, 3
d"/‘_? Sowe bat Cobeire Prace 7 552,/
Ynan 3 ’ ro srlt
10 p cmtbm B30 90
Thewed
3"‘3“5' G“\)*M/{,rbu(‘l-‘\: 7’!‘/€/
Llow/ Sovee Seum // Froee fl/f{' o3 § —
5 s l/,) run/-/ 7“0 hutd
1
25+2.6)
o, Jo gt 372
-5 -
5 7D =35
25
30
—33 |
—————
40
LEGEND
2.0” 0.D. SPLIT SPOON SAMPLER F SAMPLER PUSHED
I 3.0” 5.D. UNDISTURBED SAMPLER % MOISTURE CONTENT
G GRAB SAMPLE INTERVAL SAMPLE NOT RECOVEREC

Zo




SOIL BORI NG LOG

B3

CHUCK EGGENER
CONSULTING ENGINEERS

;uRVfoD

CE 5

PROJECT AND LOCATION , ELEVATION AND DATUM ;
n L £+ ner -So abotheiolor ¢t 2 belay 582 LAND suRFAeEs 2616 (miiy)
ORILLER 7 - DATE STARTED (53¢ |DATE FAINISH oﬁ%
Heve ulsotitoe of (2113 45, 23

o .
IDRILLING EQUIPMENT & BIT SIZE 24”5 flny auger /574, bt
7

DEPTH ODRILLED 35 /

DEPTH NO. SOIL SAMPLES /[ METHOD Avger tutiragy
CASING Ayt
. T A7
DEPTH WATER LEVELZ&:,@Z- ] MEAS T@ 0, 20l
SizZ RILLER*Z 2y 72 bl leyd
S(E:R{_%EN £ DEPTH o Levine B0 22 v Sustage
S NG
T
SIZE DEPTH HYDROGEOLOGIS :)’m Mu.d'-‘— r
DEPTH soiL DESCRIPTION g = STTIANDAE:gnsT .
L PENETRATION R ANC|
(FEET) | BORING NO. 3 & N N
& x BLOWS PER FOOT (380 LB. HAMMER, 30° DROP)
0% 4 /od‘g s camel = {:wJ 0.\0@./5/"6‘/’
Ltfle f p0 fluts sob rod 5
= rovnsled i j"‘/, Moi$
S-to ..
iiq JVI-—«/ '{:” 7r¢w/' GP‘ 9.'./7 ST 7
(Courre) , Some pmeclivw $a acl sq‘“(é‘/ 7o
I 1 i
o e 4 2o -(.‘u;, wefw S'g-l ,
| jo-, 5 - ‘o’ —
/6714 Froren GP Frace §aut//1,§::ﬂ/ p
‘ , 'pud‘// frace e @ 12 ver reten
= sovt jee doillmy, ,.ly whf,m/er
{y- 24
Cs Stw/- Gwljfaﬁjdp_slo
‘Ffa?t»f ire o /) 'br
o ’ tr pod Soad /,f/e oy
AL (e ’z) rf""""/lql,f
20 !
zo-28 ca dul Tt e presp? fast 47
252 G-«
?/ dolls sofCpoob thawed 30
?5/ $-295 Hand- we ftopn T¢. 4
129 .5-F0 . spf?, foosd '3-6/(,«\40@4
‘ o rod
30-31 g pht spers Te
30 1,2 recovery z" pﬁ/ﬁ/e VA 79"’_3;;“”, l-l]/c" 27/6 « ;_5/(’ o
t«/el’q.md‘a/ \rq--ly yea rp//7 sand
. A,_,[,”,f,,&u b ronds '
35 /'I'FLI Fay {4 -// Jile #o re (“"U
Foe et thawrd
L swl Z26.0 '
3138 dalls ;'MMﬁ"M"‘”‘/No n'(umf
40 35 ID
EGEND
1 2.0" 7D, SPLIT SPOON SAMPLER p SAMPLER PUSHED
It 3.6" %.D. UNDISTURBED SAMPLER % 1OISTURE CONTENT

GRAR SAMPLE INTERVAL

SAMPLE NOT RECOVERED

21



SOIL BORING LOG

SB o

PROJECT AND LOCATION

DRILLER

CEZ CONSULTING

ELEVATION AND DATUM SCRUSTED

LAND SIRFACE =

CWve Woodshek

DATE smrm—:t)///gh,§

CHUCK EGGENER

4.2) " (racew)

ENGINEERS

/899 | HATE FINISHED

790@
4208722

DRI

NG EQUIPMENT & BIT SIZE
[ ble,

204 ID Hellrd Slew /ot 41+

DRILLED '
DEPTH DRIL 20

DEPTH NO. SOIL SAMPLES ! METHOD oFF ﬁd&&&
e P MEAS. PT. 74rrfzf::/-’
DEPTH WATER LEVEL. \ S. . Z
YRS ?gwl leve/
SIZE DEPTH DRILLER # 2
SCREEN Levime popmA
SETTING
SIZE DEPTH HYDROGEOLOGIST J-,*M M b
™ SOIL DESCRIPTION g = STANDARD
DEP L PENETRATION RESISTANCE
(FEET) | BORING NO. £/ 2 N Ao
& x BLOWS PER FOOT (+60 LB. HAMMER, 30° DROP)
o- {iwe "
I: 9 GP v. jose “"‘//.‘7""/, Lfe -
ro s cauvd Canse, wetlwdd |~ 2 Fawe/
Tracs /»\r«- Wl send ok e wels SAmPe ]
2 + b 77 S84~/ 7
At o Fren :
q-5 a.q. é‘nz(\,‘ femee ICO ,f/uru-! -5 N ﬂ‘“’u"::"]u’
7
10 ‘5"'5' frvew ax. Thaeq |32/¢" |13 /0" §/6"
£55)0 0/"//‘ very softasweoofl ”/"M Hpured
shobly ¢ vel 13 2y
PINS aM;erjm ,3‘5}'&_2
15 le-v 5‘/’"{ 5}"“ -
1 4€ recovy
£~quw/ "Ac}‘.j sP ‘/'é}")’ 1‘\owfj
#7482 Modnsun f"‘tﬁ, Sqrforakd
20 no rce (U‘,w.fﬂ//-we(/mw* 200 —
G- 10t 1" belo |
-1
Gl ‘ﬁv\/yfa"/ U’flbﬂl GPM//
25| tow dy
13135 et fmy
13,5 15 Howd 44
5-20
30 ‘(l‘"]f«w/w’cnaﬁ.‘/ GP 7'0/'-}
dmwwt/ b /:"\t v, !
7 « v.f w Conlfy
7"“/6/ and ¢4 J
/ $& w f 6/7
33 vl wvaded | )t
TD 207
40
LEGEND
2.0" C.D. SPLIT SPOON SAMPLER p SAMPLER PUSHED
1 3.0" C.3. UNDISTURBED SAMPLER % MOISTURE CONTENT
o GRAE SAMPLE I{TERVAL . SAMPLE NOT RECOVERED

22



SOIL BORING LOG

CE 5

)

—— CHUCK EGGENER

sSB 5 CONSULTING ENGINEERS
__
PROJECT AND LOCATION ~ 140" eust of 30 2 EEEVATION AND DATUM SURVEYED
LAmS ‘B baE LGOS st cife MAdppin vy 0l esrpnd’ Lelowy SB2 ?MLMD SURFACE = 21-0‘/'04‘2‘1-&)\
ek 1039 hrs
DRILLER STARTED DATE FINISHED
| Sleve Jpadstocle DATE ARYE NSHED ¢ fafas

DRILLING EQUIPMENT & BIT SizE 24"
:'AL“r &guﬁ.\g

I tetlowstem /ol v\ iy

DEPTH ORILLED 35-{\*&’

CASING

DEPTH

NO. SOIL SAMPLES /

METHOD 2 Spht Sons
Lovapes. (e

OEPTH

WATER LEVEL- 20.8

MEAS. PT, T#/9 496
+0.7als

SCREEN
SETTING

SIZE DEPTH

DRILLER#2
Le

2041 fe ‘m’q,dﬂfmﬂ!lr‘/r’g((
viwe Oozeve-

SIZE DEPTH

HYDROGEOLOGIST :J’w» MV tor
1 "~

DEPTH
(FEET)

SOIL  DESCRIPTION
BORING NO. &~

SAMPLES
FROZEN

STANDARD

PENETRATION RESISTANCE

74D

BLOWS PER FOOT (180 LB. HAMMER, 30° DROP)

0-5 v lose, die browmt fine qravel, GP
Sope. ¢s sand, Trace jne - wued Su../,
Wile fo sro fraes, morst well vondod
Hrawed

510 a.a.

7- 9.5 lsode €3 San/l Se W(K cwtjraw/

10

Frace bovt -artd- Saond sob fow —

Svb "V*’Ql f‘\.MJ may t foa{w;{'

5
76

7

)

35

wet in lower /'aiC/;f//f/uoﬁ-rf

7. 6-loa .a- e"eﬂ" (‘rczm, deilly rov’x

10- (4 saud f:u]«u,c/GI,’ er@ 10.8"
/vﬁ"{c é re -('.uf_ Ro vis dle tearn
refwas, et

I4-15  a.c. dsdls sof? - thawnd?

ao dills wi&*'ﬁﬂw’% wu;f
5?'0{ },’M

0,711‘ ,.pavﬂ‘/

5'4..-423:”‘/’ GW, cawd fia-cs

1520

20-23.9

Froce sif| trace csocand
wrt, satvrnbed phowed 71-0«4}
rovwssd cowd suldangolon - rovedid
Tk Sasmp’ <B5+/
Jeend ’f’l* Spom. - slarls @ 20.2 (td(cfy/

bole)
as evcep? froce cortse goou./ ot

botlonn 0. 3Llr 171" d. 04
wel - addol fo 565-1 beg retevened

20.9- 28 delly swot e apeeprC 23233 - 1et lemse?.
17530 A n forly cooebt, ;i-,l.ty-«tﬁ .
30.35 «a s chorye :-.,_I.:L‘h;:-{- !l.w?e(\ve

40

2e.90
o 35F¢ Mt

Thawy

7.5 —

-
Frole v

14

7.
Ts85- 1

20°

AV

Ze/y”

18/¢ "

/¢

Mﬂ

12/

4
21827 Shof
LEGEND '

20.%
‘ 2.0" C.D. SPLIT SPOON SAMPLER
i1 3.0" G.D. UNDISTURBED SAMPLER

G GRAB SAMPLE INTERVAL

P SAMPLER PUSHED

% MOISTURE CONTENT

¥ SAMPLE HOT RECOVERED

23




B¢ SOIL BORING LOG

CE o

CHUCK EGGENER

CONSULTING ENGINEERS
PROJECT AND LOCATION 20 ' Lrosrtass) ELEVATION AND DATUM -fU,}V‘V‘D
CAMBEL_ _SEQAGE LACION N u)cpcoof jus el contor laudlil cecer LAND SURFACE = 2,24 (MeLiw)

DRILER _ e wditack

(HSws
DATE STARTED‘; _// 717 2

DATE FINISHED ¢ ==24-
A SHEDé//r/‘n

Yo low $ kw\. tu, .
DRILLING EQUIPMENT & BIT SIZE zY%" O He /5" b

DEPTH DRILLED /5-'/2«-

DEPTH NO. SOIL SAMPLES | | METHOD Slove’ Haper
CASING — y
DEPTH WATER LEVEL . 74§ MEAS. PT. ": ;:"‘
> 6.65 ﬁwnw‘ e’
SCREEN Size DEPTH DRILLER*Z ,py,ne Oo2eve J*
SETTING SIZE DEPTH HYDROGEOLOGIST
Tre Muader
SOIL DESCRIPTION g > STANDARD
?%1}4) BORNG NO. T ;é; PENETRAH(??;JMRESISTANCE
&S x BLOWS PER FOOT (180 LB. HAMMER. 30° DROP)
05 Crerw saud SP © teoee Frvscmvd | F
dt brwl cowe Love o purd ¢ avd S66-1 ‘l’"‘dw&(
Wk e Qs it peor boltoua ,L
I s
= Somple sBC=) Shqmd] - tovnded |~ 55—
Fﬂlfﬂ
S’? a\ﬁl ‘7“‘ VJW’{‘&} GP fau;la,f;.] 7 e
Sousomel frst 7 Mo 126 1~ st
10 M*’, Huce st/ 'GOJM /
b dufliy fim <28 geet P Thewsd
7-10 Ss /9/,, Face 1e8 1w CVBIS
V/, )“p Z/‘/\‘/ va vl Jece - Sowe
U"f’ /lav J i ; a——
15 Cnud /‘H’t fo no funes 7o |}
(045" o ) ran-o{ dblate, vpor”
| g.c0 /Iql}‘/M @ 1494
20 g.0- 010" 1447
3.0-.954= 1.4
| TDIs
25
30
35
40
LEGEND
| 2.0 O0.D. SPUT SPOON SAMPLER P SAMPLER PUSHED
Il 3.0’ O.D. UNDISTURBED SAMPLER % MOISTURE CONTENT
G GRAB SAMPLE INTERVAL 3 SAMPLE NOT RECOVERED
o

24



! GROUND-WATER MONITORING WELL LOG
LOG OF WELL _St— L

CE 2

CHUCK EGGENER

q- 9 G"J /\:N]mvij"/‘ ‘QV{N ~Cs
ffl( A“{f—/‘ W"]m'(4/
{

9-10 0/, vt - da Iavyk ree

/ frace m." C:Sav-/

51 - CONSULTING  ENGINEERS
PROJECT AND LOCATION ELEVATION AND DATUM
GAm3fpL g.fudofla?m Ly Sv) ﬂr;.md Wx hoyse land surfuce = /7. 30 £ aboye Muq}(s«/rw:,d)
DRILLER \ DATE STARTED  !7%* &« | DATE FINISHED
Sty L{/ooahfwk 7 - fif a3 (//3/1‘7
DRILLING EQUIPMENT & BIT SIZE 4 q" Heliw 578 9. 5% bit DEPTH ORILLED
Ansbien &dwﬁ;l 2 o £l y 2>
BEPTH fiel NO. SOIL SAMPLES METHOD Av 3¢ € refera
o3 Eloy~ 3 Srlow 582 (eshwate) / Fisd
DEPTH WATER LEVEL MEAS. PT.
/
SIZE DEPTH DRILLER
SCREEN
SETING  F'size DEPTH HYDROGEOLOGIST  J7ve Ao, ber
DEPTH ELEV. conNDuC- | DEPTH
O-YfR G P dbymyfsed gt - -
welf 'Waf( frace savd 1 tle bo o :
A
Cres 7r«w/ vf o 2" -
R A " E
|- ve/vﬂv = -
S-9 aa dnils rr0eth thau /|

Illllrnll|||1|11rrl1|||||llll\"l"'l"'l"r'flllllllr

{

’ ‘ﬁ"*’ oy e

m{/rwwi'/, frak smauple
SL1- ,
ay./ /‘Zfﬁ ﬂd /I‘MI

netce visitle Taaf, ".7(..‘ wce?

7‘71{( ch

015 aa 7 T 4 we @ 12yt
Surasblcc 1 3-14 i goand o lsund
{5-20 0‘*}, Cq.w-; auow/ﬁo'ﬂzﬂ/' é’ﬁu/[are
(5" bord fw,.,'7 RGP Il feune g
20723 éa - 23! e d a-ra/c:i,j”?
ey e TNl e
7023 f¢

Ny oell installed -

\\

274,

l]Illllllllllllllllllllllllll,

llllllllllllllllllllllllllllllllllllllllllll

25




GROUND-WATER MONITORING WELL LOG

2 CHUCK EGGENER ™™
LOG OF WELL SL- & CEZ CONSULTING ENGINEERS

i

3ROJECT AND LOCATION 7/~ od 5| EVATION AND DATUM

GOMBFL SENEEE Aga!  Nu) Corarr 95" froms @wﬂ:lafm MM wtl] [ and Surfoce Apprax (2 above Mide) (From 3'cx Toro (“:50

JRILLER DATE STARTED /'*°\7 mab pATE FNISHED | !7*°

Stevs U\)a/dd 3 '/91--“ 4‘/)49/‘73 ‘/I]/’}

JRILLING EQUIPMENT & BIT SIZE “ % " X0 tollow stews 5 ¥ ¢ DEPTH DRILLED .
DEPTH NO. SOIL. SAMPLES METHOD

CASING
DEPTH WATER LEVEL MEAS. PT.
SIZE DEPTH DRILLER®Z

SCREEN evid Oore v

SETTING _
SIZE DEPTH HYDROGEOLOGIST — M wwder

DEPTH ELEV. CONDUC— | DEPTH

(FEET) (FEET) DESCRIPTION TVITY (FEET) | CASNG REMARKS

o-< -ﬁMJMH/, 6P w'es sa»t’, v. dr
bmum, Canp well rrundd, hifle-re

£ints, Jrace debris ~old daper © 2’ Lew
bits f lawd Kl £t Tlawed

$910 am mort d’/n's,f/u/o; fcw‘l-.w‘

b" é) 7’ Lv“t'L bad] ; [l:( ol ,
7 . /"’hwu w?f)
D 10 ! gly/ J"/A;} 'glfld\ f:/g’ Move

Yo may SrP¢

|Tll|l]ll][11|1lll
'llllllj

ool bbb e b b b

|
1TIITIITIIIIIIIIIII

26



GROUND—WATER MONITORING WELL LOG

sL-3

PROJECT AND LOCATION
L SE

DRILLER Cfove b\.égcf!)@c'k

LOG OF

wel _Sst=3
.

/

(e47]

ELEVATION AND DATUM
~10 1 beloes SCZ

CE2 o

W

CHUCK EGGENER
NSULTING ENGINEERS

Lawd SVrTeed.

2.8 CT0e /= |£.42

DATE STARTED
W/ /441

/ ‘dd HNes

DATE FINISHED 4>°
Glee)3

DRILLING EQUIPMENT & BIT SIZE ""‘f ID Hotlow otewn/7 o {lubk

DEPTH DRILLED pg ”

DEPTH
(FEET)

ELEV.
(FEET)

DESCRIPTION

CONDUC-
™TY

DEPTH
(FEET)

CASING

P.5v kit
o | 5 B i -14a NO. SOIL SAMPLES , | METHOD
v gHics? . 08% Wis élufas OF STEfL
DEPTH, “eelag”  43.40'~ 240 WATER LEVELPZ 1o S3 wens PT T tars
SIZE 20 sl 255 'sectios | pepry I4.9-25.2 Li*e 03" | priLLER#2 . Diwer 17.43 (s
SCREEN 12 sulica sand [2-257 1 Bogof (onth heo Ondeog) Levine Cozeva
SETTING o Cha J i
SiEEGRoY , G5 | pEPTH HYDROGEOLOGIST 777, A4,
l'b[,w.fuf-(ateu)'&nrﬂlllé {4 bearsolh bag) Rk Un Fer
J J

REMARKS

O- 3 med-es saud SP hra sdeuy-
] P
fb‘ Jj Wlft 'frm_: s samod ¥
/
Q»Ljravo/ /.W-( ro e -pm:

347 s cau/‘..(‘a«ljmw{.‘:? et
o - fews Lo ¢
59 aa. 5,‘1‘117 courwr at-botfonn

¥/p Cujraw/' P with ¢ cand

S rwat \C.N-MJ SAV‘/(uA"W'
revadsd WY detfs s ibber

5 s samd 5p ' i gran/
ot watd 500 1B A
Liwws we? cdamy. -sbrd
+W
1$-20 dedls fwoiL—MLJ-.:s savd sF,
W Arpet fine mVJ" {‘N J'a-nj
(il h ro (e - possilte r<3e
Sid woll f//u/347
20:25 a.a. ) Frace 5‘4(/#0)“»{5
Sl 20 ‘/-26 - /3‘7‘/ -0.‘{= ,’,3Y
C)L/f{ f/*(l!u"’ \Jn(;lp 0'7((
lf'zs G.‘J"le 66 U’cgﬁd'”“

Frue -med saed

T 29" pulled back 3’1‘3‘3‘&)('"‘{/
Baties ¢ 1o <ugen Ma Fiveto

Cs SMJ w'%majrﬂn/‘m f//}éff’ Su)|
’}PN( 5;[{'

11|!1l|l|lllIlllllllllllllllllllllllllllllll

TT“T—TIIIIIIlllllllll|IIIIIIIIIIIII]IIIII'IIII

Sothwa ‘e.\'rav?
("“/’1-{;( ryv't—
i
b

Left caporte
Jul‘-@(pp fa' r/{
RS S—
¢/20)13

P\IS‘AJ CA{‘/“j
Jd Set toncrelt

Added 2.5 4o
5*&.’

Toc - Top PVE T
o. 8o’

T - Top grevt *
3.52
Toc - Top woweded
Jyrt = 3,20

Cewenl approx./. 5 ‘

ek

2% 'rop/va:‘ﬁd:.,«—

Ilil

Illlll

Stekvp 2/ Pve n:-sc.«t—

{1 1

917



GROUND-WATER MONITORING

3
LOG OF WELL_SL-
SL'j Ppoge 2 4 2

WELL LOG
CE 2 CHUCK EGGENER

PROJECT ANO LOCATION

I ELEVATION AND DATUM

NSULTING ENGINEERS

&ﬂ‘ly _Sewloop laucﬂ |
DRILLER DATE STARTED DATE FINISHED
DRILLING EQUIPMENT & BIT SIZE DEPTH DRILLED
DEPTH NO. SOIL SAMPLES METHOD
CASING
DEPTH WATER LEVEL MEAS. PT.
SIZE DEPTH DRILLER
SCREEN —
SETING | size DEPTH HYDROGEOLOGIST
DEPTH ELEV, SONDUC- DEPTH
(FEET) (FEET) DESCRIPTION T™MTY (FEET) CASING REMARKS

WELL  D(AGRANAL

2" PVC cap
FRICTION F“‘TT' . e,
o NN T RN
_ L 340 3.8

.

WAL P

7

0, 5 Na| v =G 1] E

—_— . 23
Y R ,'}‘51

Bewtor fe io .;(\:
AT

2.5.2" I

10 "

=

— , =
—&_ _i:

28




GROUNO-WATER MONITORING WELL LOG

LOG OF WEU_S'-—Z',

CE o

CHUCK EGGENER
CONSULTING ENGINEERS

_
-ul Sw-ﬁu
PROJECT AND LOCATION ELEVATION AND DATUM ¢/, 25~ Surveyed/sa
RELL bag o pli2’s “Jg abinye 584 3 clss = .75 M
DRILLER DATE STARTED ‘Z3° DATE FINISHED /530
S tewve u)ooJS‘bcL ¢/20/93 ¢j20(43

Iaznu_mc EQUIPMENT & BIT SIZE H'u* IO ellow cRun

DEPTH ORILLED /

5/

DEPTHYRGE: 2" ID z2'd 00 thresded NO. SOIL SAMPLES METHOD
CASING 495 Pve _Gﬂt}ul( Ho 0 '
DEPTH nhsxtsa—w“‘ LETFANNE ‘:‘J oolty /¢ ‘ng "cteel WATER LEVEL DBIONs 6(2443 MEAS. PT. Top oF sTBé«
335"5’ Casmms - 10,58 £t CASING = + 24 als
SIZE 022 iw sloT DEPTH 4.95-(4.95 | DRILLER® 5wt =798 ‘bls
Sg?%EN 2" D W' O3 e deap Levme Osreva
Sl NG fontfonbe C‘:fl ’
SHE lentonts, pEPTH HYOROGEOLOGIST == A, fe
?;.—E&Tg (E—IEEE\%) DESCRIPTION C‘?nN\EI’#‘ ?FESETTP; CASING REMARKS
|
6-5 ‘pv( m‘«c/ dﬁ Browm v W -
7 ) LGP W' s sa Divws 2" 5" <f i

VO-15 ao., w‘-f‘L c€s Sa v/,
w ‘&l“ yll',"’

2" PVC Cap
FRICTION FIT

LT

70" 24’

L.

)y

Frogs fon- e sacd 1L t0 ro fines
d--«f) Howd N e Oas/?
15-1p ak,M* o ?" -Cew]‘ ;d«ﬂl

K genron 7€ chiPs

48"

fraw csjrv/

2 (e frugse tp0 covaties]
swioo fln derlliag, el well rogaded

vy 9 9"g' 257 q‘.g&"‘lzﬂ,‘fl'g/',:lloa

~

liIIIIIIIlIIIIIIIIIIII1I
llllllllllllJlllllllllllllllllllllllllllllll

TI]I]II]IIIIIII]I]II

54€€/t‘a~::‘7 4o —
Glzo o fo £t side
Dr\vc /“{(r k)' gu.L -1
loadar —

-

Pus{al (a-":y 4 —
St Comng mit ";_ '\4:7 -
I530 ks ]

e -mppreto ss '
Toc-ged 1o < 2.64¢
Toc-cat = 2.5
Toc- Tapeirtmond 2,5

29



GROUND-WATER MONITORING

SL-5

PROJECT AND LOCATION
MBEL  SERNGE

WELL LOC;
CE 7

ELEVATION AND DATUM z3 z; ‘TEp stee

CHUCK EGGENER
CONSULTING ENGINEERS

C29 (survep¥,

v, of 4]l ~= s.-1 wd Surbface = 20,30 MLLt) dobi
l00
DRILLER DATE STARTED DATE HNISHED
Steve M)aur‘sio«.k— Glzofes l/‘?J

DRILLING EQUIPMENT & BIT SIZE Z% ID Hellow stews prlof bole

DEPTH DRILLED 7 7.(,’

N e e e e e

Lt o ne fineg S‘uluos)“y’*«(

es
10 -10,3" a.en

10 6n Uo et Jome, . T2 /pv“>

11 - sofhr p

(218 bndban = €S g u,,fjmr/;l\
:J;u/s: soffen ) rlled el bogle J,
=14 howeler

’..llul back g7, Jrjp

Yeldled % (0.6 {2 (15'14% —q;} «I/cdmi
5’{” d'7 Ne ,erz‘-n’ T l-b”* Smrn

/S-20 as Evespl 174, relwo@

Sof bee Eha) had Mge fine wib e

Sowewhel Gider ot St 651
zo-2¢4 Very myh - 4‘71‘ e 7 or largan s vel

(‘n"ﬂ\ sv'dn”l Il“ c,“/(, . Cona &‘

fre{(l\.{- -~! g.,J uw/-hun €25’

?.t‘? C25 YT L ey ol wrea?
rd KIVAK o gk ot [Ifc

230 ery wd T c-“"’, sowetaf
b 1o

fh et 1o (yf/l:’J cutiings -, slov Y,
- 15 inteimilieat ot s bood. fufma O 37

Sa . £ = ('a// s /Sfutv/’
Wik o, " .
12 20 725" melenT- 9 250
7 -
20y
0%,
137 e ol

3] —

Thived

DEPTH NO. SOIL SAMPLES 0 METHOD
CASING seef" ey —
DEPTH WATER LEVEL 'Y /3| MEAS. PT. TP
21,85 LAS, ls
SCREEN - SIZE DEPTH DRILER"Z )y -0 Opzeve S 18.90 bl5
SETTING
0% "size DEPTH HYDROGEOLOGIST 77, Muwt e r
Feeh | (FeED DESCRIPTION s | (reen | casine REMARKS
- -3 gw mv.f 6P w\'/(rAMjl froce e
- 3'\/ Afn M"d' wo* *fd(.Q S‘J M
:'- 35 {(N fuw/ M"{\ .\'r“J 6.F.5PJ imce f‘w
- ~red IJJ 7”7 N‘st %M # B
- $-lo (ujnn( GP br,\ u."d Sym e somd f‘huj |
- well rﬁdgl) o - Mf Ia.ss,//c ree L -
'e.«;e ot 7- 75 of‘"fl\llfl fL‘u/(t{ {0{ — :

q.,lfojo. TSP 4
74

[} [ | I [ D S S |

I!llllllllllllllllll




GROUND-WATER MONITORING WELL LOG

PROJECT AND LOC
SEWA G

L0G OF welL St— & pase. 2. o 2

L

DRILLER Sfeve H)ﬂds/bck

ATION

CE o

CHUCK. EGGENER
CONSULTING ENGINEERS

ELEVATION AND DATUM

DATE STARTED /2
7o ] {2/

DRILLING EQUIPMENT & BIT SIZE 4 %" 2D Hollow dheun

FINISH
DATE fIN EDé/L/

1220

DEPTH DRILLED 5 £

CASING

DEPTH

DEPTH

*'-0' ,7'3 ‘

2V TN ek s 20l 22 Y omel)

NO. SOIL SAMPLES 0

METHOD

LY/ 900 sﬁe/can':? +2.8°'—- 2. 27

WATER LEVEL 2'- 85

MEAS. PT. T3/, o Steel

10-12 0 o .
(rry chetler = i~ fcr«aﬁm" , .
182 20" 0 & ercept smiggh 16418 (@2 st

12 -13 rovak = bif cafcies F?, ﬂ‘jf“f’
23-25 very 5/0‘-)"0‘7 Wi 2% 0 ’:
204 , Cogh
-z oy /f’:a ‘I:’-/ 3’5! )
1.8 7p s 20 2_‘., stk
25-273 V('7 Slew a ryﬁ. h‘l%h

Pedved ot 27.5

2" PvC cap

FRICTION FIT—ee ..
* - ey 957 -
205" T G f) r
“- o] _ - 295" 342
5 H e = J
]‘ N b .
7
173" // —M E 4::1\0.;',,44:.. wls
205" | 1
¥ R
&5 3 I ) R
']
214 !

a3

-
.
| —

lllllllllIllllllllllll]]llllllllII|lJIlIllJl

028" '4e0.3'Ca / ~
SCREEN S O F PP 13 27,6 |ORLER®Z [y Goreon
SETTING ’Lémro,-/uJ'A.::’n beatom, DERFH HYDROGEOQLOGIST T M_"!:
010" dels smrophs - fp//oumj»plla/ hole /%ff/ou-’emwfgmuf‘ B

ovtsde ¢~ casvp |
Tt M by
72e

I\

Toc-cement = 3027
roc-grl Wi 295"

foc-Top pve:/as’ ]
72 - Top whund = 2.5

llllll_lllllllllLlllIllll

31



APPENDI X B
Quality assurance plan

32



A Quality Assurance Project Plan for
Gambell Sewage Lagoon Groundwater Dynamics Investigation

Principal  Investigator:

James A. Munter
Hydrogeologist
Alaska Hydrologic Survey
Division of Water
Department of Natural Resources
State of Alaska
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PROJECT DESCRIPTION

Site History

The proposed site of the Gambell Sewage Lagoon is near the City of Gambell on St. Lawrence Island,
Alaska. The location of the site is latitude 63 degrees, 47 minutes, 1 second north, longitude 171
degrees, 45 minutes, 53 seconds west. Although the site is currently undeveloped and has no known
prior site history, the proposed lagoon site is adjacent to an area that has historically been used as a
landfill by the city of Gambell. A scope of work for the project is available from the author of this
report upon request.

Praject Objectives

The goal of the project is to evaluate the suitability of the site for hosting a percolating-type sewage
lagoon. In addition to evaluating the suitability of the soils and aquifer to physically accommodate the
expected influx of fluids, an objective of the study is to determine whether or not existing ground-
waters at the site are naturally potable. The proximity of the site to the coast suggests that water may
be brackish as a result of periodic storm surges. An additional objective is to document the pre-
development nitrate concentrations in groundwater at the site. Water will be sampled and on site
measurements of temperature and specific conductance will be made. Water samples will be sent to
a laboratory for analysis of nitrate, chloride and total dissolved solids.

Approach

A suite of three samples will be collected from four wells shown on figure 1. Wells will be constructed
according to specifications shown in figure 2. The wells will be constructed according to the
specifications shown in the drilling contract (Appendix A). Each well will be purged with a hand
operated piston-type pump for one hour or until sediment-free water is obtained, whichever occurs
first. Samples will be obtained with a disposable polyethylene bailer after purging at least 4 casing
volumes of water. Samples will be preserved according to USEPA (1983) and packed and shipped via
Alaska Airlines Goldstreak courier service to the Alaska Division of Water laboratory in Fairbanks,
Alaska, where all analyses will be conducted. A field data form (figure 3) will be filled out for each
suite of samples.

PROJECT ORGANIZATION AND RESPONSIBILITIES

As a result of the relatively small scope of this project, only a few personnel are involved. Their roles
are shown below.

James A. Munter
Project Manager, QA officer, Field Supervisor and Sampler

| J

Jim Vohden Howard Grey Associates
Lab Director, analyst Drilling Contractor
l
Name 1
Name 2
Drillers
-2-
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QUALITY ASSURANCE OBJECTIVES AND CRITERIA FOR DETERMINING PRECISION,
ACCURACY, COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY OF DATA

Quality assurance requirements for analyses are shown in Table 1 below.

Precision Accuracy
Parameter Method (RPD) (% recovery) Completeness
Chloride 300.0 +/-20% 80-120 95
Nitrate + nitrite 353.2 +/-20% 80-1 20 95
Total Dissolved Solids 160.1 +/-20% 80-1 20 95

Percent Recovery {%R) is calculated as follows:

%R = )’(gSgT‘)SRl 100

where:
SSR = spiked sample amount
SR = sample amount
SA amount of spike added

Relative Percent Difference (RPD} is calculated as follows:

|Dz = D1|

RPD = —&%
(D1 + Dz)lz

x 100

O
Il

first sample result
second sample result

O
L+
Il

SAMPLING PROCEDURES

Sampling procedures used will follow general guidelines contained in Nielsen {1991).

SAMPLE CUSTODY

Sample containers obtained from the lab will be transported using common carriers to the field and
back to the lab. Shipping and receiving documents will be kept with project files.

CALIBRATION PROCEDURES AND FREQUENCY AND TRACEABILITY OF STANDARDS

The field specific conductance meter will be calibrated in accordance with manufacturer specifications.
Laboratory equipment is calibrated according to standard operating procedures described in USEPA
(1983).
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ANALYTICAL PROCEDURES

Analytical procedures are shown in Table 1.

DATA REDUCTION, VALIDATION AND REPORTING
Standard operating procedures described by APHA (1989) regarding data reduction, validation and
reporting will be followed.
INTERNAL QUALITY CONTROL CHECKS
One set of field blanks will be collected using standard sampling equipment and deionized water. One
set of field duplicates will be collected.
PERFORMANCE AND SYSTEM AUDITS
The Alaska Division of Water laboratory participates in performance evaluations conducted by the US
Environmental Protection Agency and the US Geological Survey. These consist of the lab analyzing
blind samples for certain chemical constituents and is conducted on a biannual basis.
PREVENTIVE MAINTENANCE
Maintenance of field and laboratory equipment generally follows manufacturers suggestions.
SPECIFIC STANDARD OPERATING PROCEDURES USED TO ASSESS DATA PRECISION, ACCURACY,
REPRESENTATIVENESS AND COMPARABILITY
Data precision and accuracy will be determined using the equations described previously. Data
completeness will be calculated as a percent of useable data of all possible data. Data
representativeness and comparability will be evaluated by determining whether or not total dissolved
solids for any specific sample is within the range given by the following relationship Hem (1985, p.67):

0.55 x specific conductance < TDS = 0.75 x specific conductance

Also, chloride concentration will be compared to TDS concentration to ensure that it is less.

CORRECTIVE ACTION FOR OUT-OF-CONTROL SITUATIONS
The project manager will be notified in writing of any measurement system found to be out-of-control,
and will initiate corrective action. Appropriate corrective actions may include remeasuring, reanalyzing

or recollecting a sample. If this is not feasible, the results will be discarded or used with cautionary
statements.

QUALITY ASSURANCE REPORTING

Any quality assurance evaluations will be reported in writing to the project manager.
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STATE OF ALASKA = DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS

PO BOX 772116,
(907

Location/Project:

EAGLE RIVER AK 99577-2116
)

WATER QUALITY FIELD NOTES =

696-0070
GROUND WATER

Date:

Collected by:

Well  Owner:

Weather Conditions:

Use of Well:

Sampling Equipment (for measuring water level,

appropriate):

purging, sampling and filetering. Include model

if

Well Name:

Pipe top elevation (MSL)
Reference elevation if different

Time sample withdrawn

Measured depth to water (ft)

Field temperature (°C}/time

Correction

Field conductivity (uncorrected)/time

Total depth to water (ft)

Field conductivity (slope corrected)

Water elevatfon (MSL)

Field pH (std. units)/time

Depth to bottom of well (ft) Color _ (Y/N)
Volume H 0 in well (gal) odor  (Y/N)

[4 .
Volume to be purged (4Xvol.in well) Turbidity  (Y/N)

Time purging begun

Sample Field filtered? (Y/N)

Time purging completed

Well cap and lock replaced? (Y/N)

Purged dry? (Y/N)

Analysis: |

unfiltered, unfiltered,| field-filtered, | field-filtered,
Bottle: well-mixed acidified acidified unacidified
volume (ml):
preservative:
Alkalinity: Sample Size ml; H2304g factor ) Instruments
Titer added (digits) pH Calculations

COMMENTS:

Figure 3. Water quality field note form
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APPENDIX B- 1

Drilling Contract



CITY OF GAMBELL
REQUEST FOR QUOTATION

Introduction

The City of Gambell is requesting quotations from qualified geotechnical drilling
companies to provide a drill rig operated to perform the following tasks for the City of Gambell.

1 Ingal four each 2" groundwater monitoring wells to a maximum depth of 30 feet
with 24.25" 1., hollow stem auges. o fo T BEeoew
{ﬁ@/g" LD = 0.0, /0"> (WATER. T.ABLE
b, Driljup to six geotechnical test borings with a 3,25 1,D. hollow stem auger to

amaximum depth of 50 feet. Holes must be sampled at S-foot intervals to a
maximum depth of 30 LF, using 1.25" 1.D. split spoon sampler. .
¢ s0IL Powd) TO WAHTEE
All holeswill be drilled on the west side of the community within 1/2 mile of the center TREE
of town. The work will be performed under the direction of the City's consultant hydrogeologist
during late June 1993. A recent drill log from a nearby hole is attached. The Owner wiil
furnish the materiaslisied later in this solicitation. All other materials shall be furnished by the
Contractor. The Owner shall transport the Contractor’s drill rig, tools and appurtenances to
Gambcll on its chartered DC-6 at no cost to the Contractor. All equipment. offered under this
solicitation must fit through the side ¢argo door of a DC-6. The Owner anticipates the DC-6
will depart from the Palmer airport. Equipment must be to delivered to the freight carrier by
June 11, 1993. Drilling must begin by June 15, 1993.

If askid-mounted drill rig is provided, the Owner shall help the driller move and set up
therig at the various drill sites.

The Owner will aso provide room and board for a maximum of two personnel from the
drilling company and a four-wheeler and trailer for their use.

Fuel is available for purchase from the Gambell Native Store.
The Contractor shall be Paid under four bid items:

1. Mobilization/Demobilization, which shall include transporting therig, drill stem,
tools and appurtenances, and the Owner-furnished materials (to be Picked up by
the Contractor at a maximum of two sitcs in Anchorage) to the Palmer airport.
In addition, mobilization/demobilization shall include transporting drilling
personnel to and from Gambell and getting the drill rig and appurtenances out of
Gambell at the end of the drilling program. The Owner will load the drill rig

onto a commercial carrier at the Conwractor's direction.  Mobilization/
demobilization shall be paid lump sum.

Page | 5/11/93
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Monitoring Wells.  All labor, equipment and fuel required to instail the
monitoring wells in accordance with the attached plans and specifications shall be
paid for per-lineal-foot of PVC casing installed below the ground surface. The
anticipated depth is 30 feet.

Geotechnicai Drilling, Geotechnical drillivg shal be paid per hour. Geotechnical
drilling shall include time logged moving the rig between holes, boring, soil
sampling and performing other drill services directed by the hydrogeologist.
Drilling will be paid from the time the auger bites soil on the first geotechnical
boring to the time tools are withdrawn from the final boring.  Breskdown time

will not bc paid for. For purposcs of payment, time will bc rounded to the
nearest 1/2 hour.

4, Standby Time. Standby time shall be paid hourly when the equipment, materials
and personnel are prepared to drill or move the rig but are not directed to do so
for the convenience of the hydrogeologist. Standby time shall not bc paid when
driller’s equipment is not operaiond.

4 ea. 2" female bottom plug, Sch. 40

§ ea. 2" x §' 0.020 screen PVC, Sch. 40
4 ea 2" x 10’ 0.020 screen PVC, Sh. 40
6 ea. 2" x10' blank PV C pipe, Sch. 40

4 ea. 2" dip-on top cap, Sch, 40

2 ea 50# sack Bentonite grout

20 ea. | sack of 8/12 silica sand

4 ea. casings-7'-6" long, 6" diameter,

4 ea caps-8” diameter, 4" height

4 ea, lock pins

The Work

The drilling contractor shall provide all labor, materials (other than those listed above),
equipment, supervison, and expertise to congtruct the wells in accordance with the information
provided in this solicitation. Workmanship shall conform to industry standards for quality
congtruction of permanent monitoring wells.  Wells and geotechnical borings shall be drilled
straight and casing installed plumb. The wells and geotechnical borings will be installed by
boring with a hollow stem auger, The monitoring well casing and sandpack will be placed
ingde the hollow stem. Additional sand will be added to the annular space between the plastic
screen and the stem of the auger as the auger is removed, After the screen pack is placed, the
annular space: between the drill hole and the casing shall be backfilled with 3/4" minus granular
cuttings placed in a manner which will prevent against future settlement of the column.

Page 2 5/11/93
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The 2" well casing shall be centered inside the 6" steel surface protective casing as
shown on the drawings. Eentonite and slurry shdl he. handled and installed in accordance with
the manufacturer's recommendations.

Any materias needed for the construction which are not identified above, with the
exception of the locks, shal he furnished hy the contractor at no additional cost to the Owner.

Oar intent is to construct quality wells which wilt prove to be serviceable for several
decades.  Bidders must provide. details on their equipment and the construction methods they
propose to use.

Comunerclal Terms
Quotes will be received by Jane Dale, CE2 Engincer until 5:00 p.m., May 20, 1993,

Payment will bc made within fourteen (14) days of completion of the work and receipt
of aproperly documented billing.

Labor Rates

Contractors arc rcminded that Alaska Depariment of Labor wage rates apply to work
done under this solicitation.

Eees

The Cily of Gambell will pay for any storage fees at the Palmer airport.  All other fees
shall be included in the bid.

Reection of Bids

The City of Gambell reservesthe right to accept or reject any and all bids, and to waive
any and all technicdlitiesit deems appropriate, and to rebid as it deems necessary and proper.

The bidder's firm price shal be congtrued as its offer, pursuant to the hid document to
he accepted by the City of Gambell. The City of Gambell’s acceptance of the bidder’s offer
shal! be by issuance of purchase order. The Uniform Commercial Code as adopted by the State
of Alaska shall control, The laws of the State of Alaska shdl govern the rights and obligations
of dl paties

Page 3 5/11/93
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Bid Delivery Date

All bids shdll be faxed co the office of Chuck Eggener Consulting Engineers (fax number
(907) 349-1015) no later than §:00 p.m, May 20, 1993, with afollow-up copy to be mailed to:

Chuck Eggener Consulting Engineers/City of Gambell
P.0O. Box 232946
Anchorage, AK 99523-2946

o L bidiwell fg Page 4 5/11/93
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APPENDI X C
Grain-size analyses and perneaneter test results
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ALASKA XCASEAS oY

AASHTO ACCREDITED
N T E S T L A B CONSTRUCTION
A Division of DOWL, Incorporated MATERIALS LABQRATORY
Chuck Eggener Consulting Engineers W.0#A25618
P.O. Box 232946 June 30, 1993

Anchorage, Alaska 99523-2946
Atterion: Ms. Jane Dae

Subject:  Particle-Size Andysis
Gambell Water Project

Dear Ms, Dale:

The paticlesize distribution of your soil was measured in the laboratory. The published methods for
thistest are:

ASTM C 117, "Material Finer Than 73-pm (o, 200) Sieve in Mineral Aggregates by Washing:”
« ASTM C 136, “Seve Andyss of Fine and Coarse Aggregates”
* ASIM D 122, "Particle Size-Analysis of Soils”
e AASHTO T- 11, "Material Finer Than 75-um Seve in Mineral Aggregates”
o AASHTO T-27, “Seve Analysis of Fine and Coase Aggregates:”
- AASHTO T-30, “Mechanicd Andyss of Extracted Aggregate”
* AASHTO T -88, “Paticle Sze Andyss of Sails” and
AK DOT/PF ATM T-7, “Seve Analysis of Fine and Coarse Aggregates.”

Alaska Testlab's standard procedure is in conformance with these standards, with the following
descriptions.

*  The come fraction of non-extracted soils is NOt washed UNIESS the coarse particles appear 10 be significantly coated
with fines;
+  The fine fraction of the ol is always washed;

« The p| US 3-inch fraction is not routipely included in the test due to the Jarge sample mass required for a representative
sample; The estimated percentage of plus 3 inch material in the sample Is shown on the test report: and
» The mass of the coarse and fine test fractions are reported.

The soil is classified in accordance with ASTM D 2487, “Classification of Soils for Engineering
Purposes (Unified Soil Classification System),” The frost classification IS identified in accordance
with Corps of Engineers and Municipality of Anchorage (MQA) procedures.

The permeability of your soil was determined in accordance with ASTM  D2434, “Permeability of
Granular  Soils”

The testali'e-sults are atached. If you have any questicus regarding the test procedures or the results,
please Call.

Sincerely,

ALASKA TESTLAB

Howard K. West& PE. /7

Technical Director

4040 B BTRERT » ANDHORADE * ALASKA ¢ QGEOL-BE 6 ¢ 207 /EE82-2000 ' FAM 8907 /583-3953




 ALASKA
T E S T L A B
A Division of DOWL, Incorporated

40040 B Street Ancharage, Alaska 49503
(907) 562-2000 FAX (307) 562-3933

Client: Chuck Eggener Consulting Engineers

Project: Gambell Water Project

Lecation: SLi-1, Submitted by Client

Permeability = 9.3 cm/sec

Enginecrine Classification: Poorly Graded GRAVEL  GP

Frest Classification: NFS (MOA) -
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ALASKA
T E &S T L A B
A Division of DMWY, Incorporated

4040 B Street Anchomage, Alasha 99303
{9U7) 562-2000 FAX (807) 563-3953

oineering Ciassification: Poorl
Frost Classification: NFS (MOA)

Client: Chuck Eggcner Consulting Engineers
Project: Gamibell Water Project

Location: SE2-1, Submitted by Client
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ALASK

T E S T - L A B
A Divisian o f DOWL, lncorporated

Client: Chuck Eggener Consulting Enginecers

Project: Gambell Water Project

040 B Steex Anchorage, Alaska 09563 Location: SB3-1, Submitted by Chent

(907) S62-2010 FAX (207) 3633953
Permeability = 5.5 em/sec
oineering Classification: Poorlv Graded GRAVEL_ with Sund, GP

Frost Classification: NEFS (MOA}
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' ALASK

T E S T L A B

A Division o f DBOWL, Incorporated

Client: Chuck Eggener Consulting Engineers
Project: Gambell Water Project

4540 B Sirect Anchorage. Alzska 99503 Location: SB4-1, Submitted by Chent

(4073 SL2-2000 FAX (907) 563-2953

Eneineering Classification; Pooriv Graded GRAVEL. with Sand, GP

Frost Classification: NEFS (MOA}
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ALASKA

A Division of DQOWL, |Incorporated

AN B St Anchorage, Alaska 39502
{907) 562-2000 FAX (9U7)563-3953

Client: Chiuck Eggener Consulting Engincers

Project: Gambell Water Project

Location: SB5-1, Submitied by Client

Engineeding Classification: Poorly Graded GRAVEL with Sand. GP

PARTICLE-SIZE
DISTRIBUTION

W.0 AZ5618
Lab No. 633
Received: June 25, 1993

SIZE PASSING SFECIFFCATION
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ALASKA

P RTICLE-SIZE

Clieat: Chuck Eggener Consulting Engincers
T E S T L A B

A Division of DOWL,

4040 B Street Anchorage, Aluska 9950°

(907) 562-2000 FAX (907}363-3953
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Enginee-ne Tassificetion: Poordy Graded SAND  with Gravel, SP

Incorporated

Project: Gambell Water Project

Location: SB6-1, Submitted by Client

BISTRIBUTION

W0 AZ5618
Lab No. 634

Received: June 25, 1993
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APPENDIX D

Water-level and dug test data
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WATER LEVEL DATA

Monitoring well SL-3

Location -- NW of F.A.A/SW of landfil/City of Gambell

Measuring point {m.p.) -- top of steel casing

Measuring point elevation {mllw') - . 21.89 feet

Height of measuring point above land surface -- 3.40 feet

Measuring equipment -- steel tape.

Depth to water
below m.p.

20.82
20.82
20.43
20.48
20.04
20.09
19.93
19.90
20.06
20.32
20.57

Date

06/21/93
06/21/93
06/21/93
06/21/93
06/23/93
06/23/93
06/23/93
06/23/93
06/23/93
06/23/93
06/23/93

‘Mean lower low water datum

5

Time

08:36
08:39
14:06
14:34
09:20
11:27
13:42
15:27
17:23
19:14
21:19

Elevation of
water level
(from milw)

1.07
1.07
1.46
141
1.85
1.80
1.96
1.99
1.83
1.57
1.32



WATER LEVEL DATA

Monitoring well SL-4

Location -- NE corner of sewage lagoon near large barrel dump/City of Gambell
Measuring point (m.p.) -- top of steel casing

Measuring point elevation (milw’} - - | | 35 feet

Height of measuring point above land surface -- 2.6 feet

Measuring equipment -- steel tape.

Depth to water Date Time Elevation of

below m.p. water level

(from mliw)
10.57 06/21/93 08:10 0.78
10.57 06/21/93 08:16 0.78
10.56 06/21/93 08:25 0.79
10.55 06/21/93 08:46 0.80
10.29 06/21/93 13:58 1.06
10.30 06/21/93 14:25 1.05
7.75 06/22/93 16:00 3.60
8.20 06/23/93 09:10 3.15
8.30 06/23/93 11:16 3.05
8.30 06/23/93 11:19 3.05
8.24 06123193 13:34 3.11
8.18 06/23/93 15:20 3.17
8.20 06/23/93 17:13 3.15
8.21 06/23/93 17:16 3.14
8.39 06/23/93 19:08 2.96

‘Mean lower low water datum

51



WATER LEVEL DATA

Monitoring well SL-5

Location -- Southeast of Lagoon site near V.S.W. office/City of Gambell
Measuring point (m.p.) -- top of steel casing

Measuring point elevation {mllw') - - 23.25 feet

Height of measuring point above land surface -- 2.95 feet

Measuring equipment -- steel tape.

Depth to Date Time Elevation of Comments
water water level

below m.p. (from mliw)
21.87 06/21/93 13:31 1.38
21.86 06/21/93 13:34 1.39
21.85 06/21/93 13:47 1.40
21.86 06/21/93 14:16 1.39
21.65 06123193 08:59 1.60
21.13 06123193 11:08 2.13
21.12 06/23/93 11:10 2.14
20.60 06/23/93 13:13 2.65 poor measurement
20.64 06/23/93 13:19 2.61 good measurement
20.63 06123193 15:11 2.63 poor measurement
20.60 06/23/93 15:15 2.65 v. good reading
20.57 06/23/93 17:05 2.68
20.58 06/23/93 17:08 2.67
20.56 06/23/93 19:03 2.69
20.54 06123193 21:09 2.71

‘Mean lower low water datum

59



WATER LEVEL DATA

South Pond/City of Gambell

Location -- Southernmost swale between VSW office and red and white communication tower
Survey point -- top of steel rebar

Survey point elevation {mllw') - - 3.70 feet

Staff gauge "O" elevation (mllw) -- 1.39 feet

Measuring equipment -- yardstick fastened to rebar driven into pond bottom

Time Date Staff Elevation of Conditions Comments
gauge water surface
reading (from mliw

(inches) in feet)
14:45 06/23/93 14.50 2.60 slight ripple First noticed water in swale
15:40 06/23/93 14.69 2.61 " " either 1130 or 1330 hrs
17:36 06/23/93 15.00 2.64
19:26 06/23/93 | 5.38 2.67
21:33 06/23/93 15.75 2.70
18:13 06/24/93 17.00 2.81

‘Mean lower low water datum
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WATER LEVEL DATA

Troutman Lake

Gauge Location -- 100 feet east of brackish water well and 10 feet offshore at north end of
Troutman Lake

Survey point -- top of rebar, which is 0.96 ft below top of yardstick staff gauge
Survey point elevation {milw'} -« 2.90 feet
Staff gauge "Q" elevation (sea level datum) -- 0.86 feet

Measuring equipment -- yardstick fastened to rebar driven into lake bottom

Time Date Staff Elevation of Comments

gauge water surface

reading (from milw

(inches) in feet)
10:04 06/22/93 16.00 2.19 slight ripples, wind from N (offshore)
10:07 06122193 15.94 2.19 slight ripples, wind from N (offshore)
09:36 06/23/93 16.06 2.20 calm -- light rain
11:36 06/23/93 16.25 2.21 calm, light rain, wind from north
14:03 06123193 16.25 221 slight ripples -- wind more easterly
16:34 06/23/93 16.13 2.20
17:31 06/23/93 16.13 2.20 wind from east -- light to moderate
19:21 06/23/93 16.25 2.21 wind from east -- slight ripples
21:27 06/23/93 16.13 2.20 light wind from east

‘Mean lower low water datum

6o



rage [ or_{

STATE OF ALASKA - DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116

S"LC(‘? Dim.

“ ’ (907) 696-0070
1 X &.03
, P A Slue TEST SiteSL'L/
Voluwt = 0,05 15 RECOVERY RATE TEST pate (=22-93
Wel 1 Number
Water level before evacuation (nearest 0.1 ft below top of casing)
Wel 1 location
Weather  conditions
BY. Tim Munter
Initial: pH (units) Recharged: pH (units) BRIAN AKLl A

Conductance (umhos/cm*)

(°c)

Conductance {umhos/cm¥)
Temperature

Temperature (°C)

hock sl skel fope
Time from evacuation anter level (nr. 0.1 ft) | Calculated recharge rate (volume/time)
] /559 AR R X e 39¢ Feesa ! Comwunts
ket /.24
Lol Moo | 2 2.7
Lot 24
Sbug iy /603
Lol o | & - 775"
st -3
d__uos | & 0. vY 2.2¢ STAne
TRAL * | et 24 | et swl '
) fAll ) Pel He¥o o |- O %4 7.7 0.00
twet— . Y-
2 Fed oo .23 7.77 0.0/
3 st S0 \ O, 7/ 7.79 | 0.03
4 sy .00 220 .50 [, o0.04
sraric | dfd  /6/9 | G.oe 0.25 2,25~ \ - |
5 Soel Seco o .22 2.7¢ 0.0z
A Bl 8.ov | 5,25 2.75 \-a. o1
7 /25t 800 l C. 25 .28 ‘—-a.a/ 7’
The test is finished when the water level has recovered to its pre-evacuation 1 evel.
. Mll.n fespwxﬂﬁ:
* Conductance should be temperature-corrected to 25°C - reodod 4
9.5uc aDZS'/Z"

el
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STATE OF ALASKA = DEPARTMENT OF NATURAL RESOURCES

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116

{907) 696-0070
Site GAMBELL SLWAGE LAGern,

Date ¢-24-93
Well Number $Z- 7%

RECOVERY RATE TEST

Water level before evacuation (nearest 0.1 ft below top of casing)
Wel 1 location )\[(«)JZ FAA frwers SL{JJJCUM{&(/
Weather conditio&"‘/b’o_dcw_/{_‘«/A'M-j

57"({’ TTwe Mu.u‘cr'
Deave Ul vo_s}ouf

Recharged: pH (units)

Initial : pH (units)
Conductance (umhos/cm*)

Conductance {umhos/ca¥)

Temperature (°C) Temperature (°C)

Time from evacuation | Water level (nr. 0.1 ft) | €ateulated—rechacge_cate (volumeltime)
/7:3% beid et -2)204les  2ogs "'4;?{,
/9. G 2/.8— .54 :/ Zo. J8 "/
J P 4D Zf.02 > houd {D?d?wg £2TRPE
17 45 20.77 ( Na.d..‘ﬂ: ’ EAASE K
2/: 50 2L¥_ 0. %2 = z2o-5E - N SSEEL FAF
2/.5¢ Zf-o. = 2027
2/ 22P Sre | €Z- O - 0..?7 Z/ 6/
#2Z JsE Sce ZZ2e0 " ©.99 2. of
L£20:0¢ PR 2l S0 ~-0.47 = |2).0F ST TAA
#3 J/9 Sre 22.0- -.96 2l.0%
‘ +o0_wet (a casf99 to resc)

ﬁ\) :“'

. \
Note: stafic leve! uns -6.([.7,
Saawl"rwu{fy dul«‘w/ fest
17 7 7

The test is finished when the water level has recovered to its pre-evacuation level.

* Conductance should be temperature-corrected to 25°C

P sq FPor Skers swnpored
62 K HIEST/ OenASEL_
NV gy



APPENDI X E
Water quality analyses

Explanation of sanple codes

GW1 Wll SL-5

GW 2 Vel  SL-4

GV 3 field blank

GW 4 Vell  SL-3

GV 5 Vell SL-3 (field duplicate)
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Client:  DNR/DOW - Eagle River

Submitted By:  Jii Munter

Date  Submitted: 26 June 93

Sample Date Time TDS Nitrate + Nitrite  Chloride

GwW1 21 June 93 17:48 3600 0.05 2120

GW2 22 June 93 13:12 6000 0.74 3530

GW3 23 June 93 14:30 <DL <DL <DL

GW4 24 June 93 10:51 15000 4.46 7030

GW5 24 June 93 10:51 15400 4.49 6940

Units mg/L mg/L asN mg/L

EPA Method 160.1 353.2 300.0

Detection Limit 0.1 0.02 0.01
Date of Analysis 28 June 93 16 Jly 93 17 Jly 93

RPD 4.6 2.7 0.0

% Recovery 106 107

VLoD et 2750

Approved By \d/\/
(D

Jm Vohden, Chemigt
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STATE OF ALASKA - DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116

(907) 696-0070
WATER DUALITY FIELD NOTES - GROUND WATER

Location/Project: Gaw\[g” Seenme [ggmm Date:é/Zf/f_?
v / i
Col lected by: Jim Mool
Well Owner: CiFy 0( Gaw belf Weather Conditions: Jraca /&ry ~4;"'wa:()¢
7 -
Use of Well: Mon; orive_wel/

Sampling Equipment (for meéasuring water level | purging, sampling and filetering., Include model if

appropriateLMMM.M[gbm_qv/mfw.ue 0-23 9.0 cup,
Well Name: F,e./a, Dup wrell st '3)

Pipe top elevation {(MSL)
Reference elevation if different ;mc Time sample withdrawn /05’/
Measured depth to water (ft) Zr.v0- p 43 = 29,87 Field temperature (°C)/time % @ pyo¥

Correction Field conductivity (uncorrected)/time_2 325, prndeoss,
Total depth to water (ft) Field conductivity (slope corrected) ZZ 00p smbos
Water elevation (MSL) Field pH (std. units)/time f Cim.
Depth to bottom of well (ft) 2. (foc) Color (Y/N)
Volume H 0 in well (gal) /. 5 gab odor (YY)
Volume to be purged (4Xvol.in well) ¢ ol Turbidity (Y/8)
Time purging bequn (ol _krs  z¢ A;.(vr{ Samplie Field filtered? (Y(ﬁj
Time purging completed /A9 Shss Well cap and lock replaced? /ﬂ/N)
Purged dry? (Ym ~
(M) G SB  Gul-$h (6323) Gu-se (626

Analysis: 705 K fredert fnk - Chor/de

unfiltered,| unfiltered, fi%ed, fin,
Bottle: well-mixed | acidified acidified u ied
volume (ml): ‘QDQ&/ 28D pal N 500 M/
preservative: Noxe Sivr acd Nané,
Alkalinity: Sample Size ml; HZSO 4 _( factor } Instruments
Titer added (digits) pH Calculations
COMMENTS :
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STATE OF ALASKA ~ DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL § CEOPHYSICAL SURVEYS -

PO BOX 772116, EAGLE RIVER AK 99577~-2116
(907 ) 696-0070

WATER DUALITY FIELD NOTES = GROUND WATER

Location/Project: Gaw\l,d( gl;uJ(wc Laqaoy\ Date:é'zygg
f I
Col lected by: _ Tvwu IAM) yute
Well Owner: C,{\,, /;'F 60.,%}7(_{ Weather Conditions: /7 faus ~ 45~ wwzr
1

—gat ~ (030bes

use of well: Mowtornwe
J

Sampling Equipment (for measuring water level, purging, sampiing and filetering. Include model if

, ok " .
appropriate) : ! 2 * 30 S1sposable I_Qo(},e\‘(w Je,ko lt&tlnf «nylon Col’£ [0.23 G\AQ (aﬁoaL/
i 7

Well Name: S&~ 3
Pipe top elevation {MSL) /2323 &‘H"(Z.z
Reference elevation if different ) Time sample withdrawn /J4§ */d57/ :@ Vel
Measured depth to water (ft)igp- 443 = | 20.00 Field temperature (°C)/time 2. /% a /eT hrs
Correction 20. 57 ' Field conductivity (uncorrected)/time 23 3dg  Z 3Fonv
Total depth to water (ft) / Field conductivity (slope corrected) Zijwl./ oo ke )
Water elevation (MSL) | Field pH_(std. units)/time cw ﬁ’?«lam
Depth to bottom of well (ft)/7oe) R8.G Color (Y 204
Volume H 0 in well (qal) &l odor (YA
Volume td be purged (4Xvol.in wel 1) { cal Turbidity (Ylﬁ)
Time purging begun /474 2 boters ~ Sample Field filtered? (Y{N}
Time purging completed 7046 Well _cap_and lock replaced? (ﬁ/N)
Purged dry? (YM -

UAD) 6W-4B G -4A(63) Gro -4/C (63)
Analysis: 7D_s Ay trafe tAlifn chlprdle.

unfiltered,| unfiltered| field-filtered,| field-filtered,

Bottle: well -mixed | acidified acidified unacidified
volume  (ml): STl 25pmi spoml
preservative: Noune Sl bt acd. Alore
Alkalinity: Sample Size ml;HZSQu ( factor___) Instrunents
Titer added (digits) pH Calculations

Comsas T Lgu_ﬂ(’ic-” Fire S"OAM ~Jo %) ks
wall Vc_arraJl:}y o ing

Pur7e‘ Waten ¢labfly, turbid o €

57, «m‘a ' C’ANC’ ¢ ?ng*—’;

COMMENTS :
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STATE OF ALASKA = OEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116
{ 907 ) 696-0070

WATER DUALITY FIELD NOTES = GROUND WATER

Location/Project: GAMBELL SEnsE thooaN / Freld blawk
Col1lectedby: Tjwa Muuter

Date: G{/ZZ»/?S

Sampling Equipment (for measuring water level, purging, sampling and filetering. Include model if

appropriate) : €50 M/pp{v r?'{wfr'ﬁa ile r/q’j}pmilo Adow Cﬂ"ﬂ

Wel | Name: (), 'famel‘/;‘q‘f
Pipe top elevation (MSL)
Reference elevation if different
Measured depth to water (ft)

Well Owner: Weather Conditions:

Use of Wel 1:

Time sample withdrawn {430 \wrs
Field temperature (°C)/time  19.G"¢
Field conductivity (uncorrected)/time /qu-lq/t.. (Zk

Correction

Total depth to water (ft)

Field conductivity (slope corrected) 5<,J<)

Water elevation (MSL)

Field pH (std. units)/time

Depth to bottom of wel 1 (ft)

Color (Y/N) M

Volune H O fn well (gal)

Odor __ (YN) N

Volume t6 be purged (4Xvol.in well)

Turbidity  (Y/N)

Time purging begun

Sample Field filtered? (Y/{ﬁ)

Time purging completed

Well cap and lock replaced? (Y/N)

F= 8

Purged dry? (Y/N)

(33 G6Lw3R w3 Al3D Gu3c (2%

Analysis: ThH s Ntate rNib l) chloride

unfiltered,| unfiltered, fiel{,’fq}fered fieM-filtefed, | {dfrred
Bottle: well-mixed |acidified | acid unacidf fied wel{- vii xed
volume {ml): 25D wad 15/ / VAN 2 D al
preservative:| AMNyne Shfurie Acidl © Nen e
Alkalinity: Sample Size ml; HZSD4 (factor } Instruments
Titer added (digits) pH Calculations

Ua/ Ly Zistilled goten
! 6r‘ Sa.ww(( COMPGII'{"&[' )‘T\,Q(gi (‘*‘!ﬂ
w ( dishiled = Lrple Lonsd wst

Qerove red water

COMMENTS :
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STATE OF ALASKA - DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116
(907) 696-0070

WATER DUALITY FIELD NOTES = GROUND WATER

Location/Project: SAMBELL SE) A€ ‘MN/KIEarger widl Date: £- 22-9 3
Collected by Trw Mowtet

well owner:_Coby of £ aushell Weather Conditions: Uwdy . p. Sumas, 45 57

Use of Well: Meaulorng
~J

Sampling Equipment (for measuring water level, purging, sampling and filetering Include model if

appropriate): // thﬂmédg é, Iv (“150 u|c.pu.Ly 30 /m u/c,wpn»‘/f Ag/m (A'J Q\}&l t S_a,w\p’(,

Well Name: .SL ‘/

Pipe top elevation (MSL) 0.55° TDL prfvc /2 (; " 1o vng Wl/2.8" r0c -1 movad
Reference elevation if different 2,4f - Td(, GoentTime_sample withdrawn (/310«/34) | 312_hrs
Measured depth to water {ft)y Field temperature (°C)/time 492328 wgdells
Correction / Field conductivity (uncorrected)/time )O|s5p (Iolo-/o‘(s)
Total depth 1o water (ft)900-0.7/_c 8.29Q@ j2¢5krsField_conductivity (slope corrected O 2ok scale
Water_elevation (MSL) Nq.3v__Field pH (std. units)/time cm (log o 2ook
Depth to bottom of well (ft) 17.4 (ree)¥ Color (YM) slukt Year Scale
Volune H 0 in well (gal) {, Sasl, odor (Y/N) N
Volume t0 be purged (4Xvol.in wel 1) & gaf Turbidity (Y@ Sl _@lecs
Time purgfng begun 125¢ s 22 bailess Q] Sample Field filtered? (Y/N) N
Time purging completed {1 30¢ Well cap and lock replaced? mﬂ)
Purged dry? (Y/N) o {634) 7

SWRBHD) sz A suzc &
Analysis: NS5 Nk SNt Lo 3 . Clloride

unfiltered,| unfiltered, f‘\ ;i}v(:'ed, fieWed, vl (te s
Bottle: well-mixed |acidified ac ed unacigified wWell aaxed
volume (ml): 250 wnl 125 ml /7 N\ 250 #a/
preservative:] Agwe sifwe atd Nowe,
Alkalinity: Sample Size ml; stou ( factor____) Instruments
Titer added (digits) pH Calgutations

Porga__wader_rmpderadely tur bid_ot
i _ ¢ et clewred o _/Hfle1fan ry

sand baile

COMMENTS =
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STATE OF ALASKA = DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS
PO BOX 772116, EAGLE RIVER AK 99577-2116
{ 907 ) 696-0070

WATER DUALITY FIELD NOTES = GROUND WATER

Location/Project: GAMBEIL SEWUME Lhdoor Date: 6-2/-93
Collected by: ;)TM Muvf(’f—

well owner: Gty oF Goucbel/ Weather Conditions:_Sumy, 2" ihedy
Use of Well : /"bn,‘-{b[,jgtq

Sampling Equipment (for \n{easuring water level, purging, sampling and filetering. Include model if

_ { .
appropriate) :_H CI'V(“*’/ QAJM-O_PVc._/oIleA_-F?p;ﬂv/nc,_ﬁw;se_,éal(ygﬂ;—sfw_cf!}m;of{e_;‘a.t[ug%

well Name: SL §~ Ayl copdl
Pipe top elevation (MSL) !
Reference elevation if different Time sample withdrawn I7$/f-/7.$"'¢ M 20
Measured depth to water (ft) (Toc\ 2/. 8¢/ Field temperature (°C)/time ¥.8* 257 ~ 559 sent &
Correction Field conductivity (uncorrected)/time_-s€g) /75 Ters
Total depth to water (ft) 20 ¢ Field conductivity (slope corrected) :3@44_,441«,,
Water elevation (MSL) Field pH_(std. units)/time i i
Depth to bottom of well (ft) 3¢, $ (7oc) Colar (YIN) stebl—clowdy -
Volume Hz'o in well (gal) /6 qed Odor (YIN) ¥ = mossible_slioht wedm«b"'gw{&/
Volume to be purged {(#Xvol.in well) 6.5 Turbidity (Y/IN) Yes
Time purging begun 155y ‘\r}//‘bp-v;uvcry(,«:k Sample Field filtered? (Y/N) I\J
Time purging completed (740 Well cap and lock replaced? (Y/N) Y
Purged dry? g%szsg (3 & 619

w- /B Gw =t A G -1&
Analysis: Tobod Dess Solid Nbrater.fagse] \ RN | ellyride

unfiltered,| unfiltered, fie]‘agzéred, field-PiJtefed, | v»hikered
Bottle: well-mixed |[acidified acid d unacidifred woell varmed
volume (ml): | Z2s© 100 wat SNy / N\ 280 waf
preservative:] NonE Stk Acd | 7 \| 7 M Nowe
Alkalinity: Sample Size ml; HZSQ4 (factor___) Instruments
Titer added (digits) pH Calculations

COMMENTS : A_}(‘?Q La(1p¢r Leyne Qozeva
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STJ}[— L&T E | r L/’& L JKD ﬁ,\) ,,J@\ // WALTER J. HICKEL, GOVERNOR

P.Q Bx 772116

DEPARTMENT OF NATURAL RESOURCES Eagle River, Al aska 99577-2116
Phone: 907 696- 0070
Fax: E 907; 696- 0078

DIVISION OF WATER
ALASKA HYDROLOGIC SURVEY

July 8, 1993

Jane Dale, Engineer

Chuck Eggener Consulting Engineers
PO BOX 232946

ANCHORAGE AK 99523-2946

Dear Ms. Dale:

As you have requested, | am providing you a summary of the advantages and disadvantages
of the various sewage lagoon options for Gambell with respect to ground-water impacts only.
Obviously, other factors affect siting that are not considered here. My comments are based
on our recent field investigations and must be considered preliminary pending preparation of
the final project report.

The options considered in this analysis are:

1. Construction of a “slow-pert” wastewater lagoon at the top of the hill between
the VSW office in Gambell and the FAA towers extending northward into the
swale near the old landfill. This lagoon would be designed with a 70,000 sq
ft bottom area and be capable of retaining 7 months of wastewater during
subfreezing conditions;

2. Construction of a “fast-pert” lagoon at the bottom of the hill close to the old
landfill. This option would be constructed with a 50,000 sq ft bottom area and
designed to not retain water;

3. Construction of a lined retention lagoon with periodic pumping out to sea;

All options described above would be designed to accommodate wastewater from a septic
tank used to achieve primary treatment and separation of septic wastes.

First, 1 would like to review some key findings of our investigation. Full explanation and
documentation of these findings is beyond the scope of this letter.

1. Ground water through out the area is found in highly permeable aquifers
consisting of sand and gravel from old beach deposits. In the southern part of
the “slow perc" lagoon site, permafrost confines the main aquifer. A secondary
perched aquifer may form locally and perhaps only seasonally on top of

71



Page 2

Letter to Dale

permafrost. Under the swale near the old landfill, permafrost is mostly or
totally absent, and does not materially affect ground-water flow.

Ground-water flow directions are influenced greatly by-large coastal .ground-
water level changes caused by wind-driven surf action. Annual water level
fluctuations of 9-11 ft are expected beneath the “fast-pert” site, from a high
of approximately 9-10 ft above MLLW to a low near MLLW. Ground-water
beneath the swale also responds dynamically to tides, however these are lower-
magnitude effects;

The specific conductance of water in the vicinity of Gambell and the lagoon
sites varies from 460-23,000 micromhos/cm, indicating water quality varies
from fresh to saline. Most water beneath the lagoon sites appears to be
brackish, and may be contaminated with diesel fuel.

The advantages and disadvantages of. the three options are described below.

OPTION 1 - “SLOW PERC” LAGOON

Advantaaes

1.

Compared -to option 2, this option would provide superior treatment of the
wastewater in the unsaturated zone before the water contacts ground water,
thereby reducing the potential for ground-water contamination;

Compared to option 3, this option may not result in significant impairment of
ground water because ground water beneath the site is already non-potable.

‘Disadvantaqes.

1.

Compared to option 2, this option increases the risk that wastewater will flow
southeastward into the community of Gambell because wastewater percolation
would occur closer to the community and over a larger area. Wastewater could
contaminate the school well or nearby ponds that occasionally form. The
actual risk of this occurring is difficult to assess. Brackish ground water in the
vicinity of well SL-5 does not appear to travel to the school well on a regular
basis because the school well is fresh most of the time.

Compared to option 2, this option is more likely to have a large slug of thawing
wastewater enter the aquifer'in the spring. This slug slightly increases the
possibility of contaminated ground water affecting the school well. After 30
days of melting and infiltrating a seven-month accumulation of frozen
wastewater and drifted snow, a water table mound 0.2-1 .5 ft high is calculated
to form beneath the site. Superimposed on a flat water table which is expected
to occur intermittently beneath the site in the spring, this creates the potential
for flow towards the school well.

72

7/8/93



Letter to Dale

Compared to option 3, this option will probably require fill in the swale under
the north end of the site to approximately the 10 ft elevation contour. This is
expected to be above the fall high water level caused by storm-induced high
water levels. The purpose of the fill would be to keep all potentially
contaminated ground-water below the local land surface.

This option will require more extensive destruction of permafrost compared to
option 2. This increases uncertainty in the prediction of ground-water
responses and could lead to unexpected results. Unexpected results could be
adverse, such as creation of a perched water table flowing towards the City of
Gambell, or positive, such as creation of an effective permafrost barrier against
ground-water flow towards the City. Effective monitoring of ground-water
response to wastewater loading will be much more difficult as a result.

OPTION 2 - “FAST PERC” LAGOON

Advantaaes

1

This option would most efficiently dispose of the wastewater into an area with
brackish to saline ground water. Ground water in the predominant
downgradient direction, towards the coast, may already be contaminated by
landfill or honeybucket disposal leachate.

High permeabilities of soils in this area and strongly fluctuating gradients result
in relatively high dilution and flushing rates. Flushing and dilution rates are
likely to be highest nearest the coast.

The fluctuating water table beneath this site will result in regular wetting of the
vadose zone with ground water mixed with wastewater. This may help aerate
the water and further promote subsurface degradation of waste products.

Being farther from the school well; this option is less likely to contaminate that
well than option 1.

The potential for the spread of contamination into the City is reduced by
minimizing the volume of thawing wastewater in the spring, such as is inherent
in the design of this option. Continuous disposal of wastewater from the
lagoon for 1 yr is.estimated to create a water table mound less than 0.1 ft high.

Disadvantaqges

1.

Water influent to the aquifer may contain unacceptably high concentrations of
constituents typical of domestic wastewater. Applicable wastewater disposal
regulations should be consulted to evaluate this factor.

Compared to option 3, this option has a slight probability to contaminate the
school well and nearby ponds. As a result of the distances and gradients
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Page 4 Letter to Dale 7/8/93

involved and the preferred orientation of beach ridges and probably also the
aquifer transmissivity in the area, contamination of the school well is not
considered likely.

3. Compared to option 3, this option will probably require fill in the swale under
the north end of the site to approximately the 10 ft elevation contour. This is
expected to be above the fall high water level caused by storm-induced high
water levels. The purpose of the fill would be to keep all potentially
contaminated ground-water below the local land surface.

OPTION 3 -RETENTION LAGOON
Advantages

1. Properly constructed and maintained, this option should not result in significant
risks to local ground-water resources.

Disadvantaaes

1. Any leaks in the liner could result in uncontrolled ground-water contamination.
Please let me know if you would like further information.

Sincerely,

;James A. Mﬁtem ga/)

Hydrogeologist
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